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ampere
analog

abampere

alternating current

Atlas [Centaur

avalanche diode amplifier

attitude determination and control subsystem
automatic data processing equipment
advanced entry heating simulator
aureole/extinction detector

Arnold Engineering Development Corporation
audio frequency

automatic gain control
gilver-cadmium

silver oxide

silver zinc

authorized limited usage

amplitude modulation

ante meridian

amplifier

assistant project manager

Ames Research Center

after receipt of order

amplitude shift key

atomic weight

' atmosphere

attenuated total refractance spectrometer
astronomical unit ‘
American wire gauge

additive whi_te gaussian noise

bilevel
bus (probe bus)
bus entry degradation
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Goldstone Tracking Station - NASA DSN
gravitational acceleration

gravity

general and administrative
ground control console
government furnished equipment
ground handling equipment
Greenwich mean time

ground support equipmént _
Goddard Space Flight Centér

Haystack Tracking Station - NASA DSN

Ames Hypersonic Free Flight Ballistic Range
half-power beamwidth

heater

heat transfer tunnel

current

inverter assembly

integrated circuit

interface control document

Institute of Electrical and Electronics Engineering
interface control document ‘
in-flight jurmper

interplanetary monitoring platform
input/output

input/output processor

infrared

independent research and development
infrared interferometer spectrometer
integrated system test

integration and test

current-voltage
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JPL

KSC
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LP
LPM

LPTTL
MSI

LRC

M
MAG
max
MEOCP
MFSK
MGSE
MH
MIC
min
MJS
MMBPS
MMC
MN
mod
MOI1
MOS LSI
MP
MSTC
MPSK
MSI
MUX
MVM

Jet Propulsion Laboratory

Kennedy Space Center

launch

launch date/arrival date
large probe

lines per minute

low power transistor-transistor logic
medium scale integration

Langley Research Center

Madrid tracking station - NASA DSN
magnetometer

maximum

maximum expected operating pressure
M'ary frequency shift keying
mechanical ground support equipment
mechanical handling

microwave integrated circuit
minimum

Mariner Jupiter-Saturn

multimission bipropellant propulsion subsystem
Martin Marietta Corporation

Mach number

modulation

moment of inertia

metal over silicone large scale integration
maximum power

Marshall Space Flight Center

M'ary phase shift keying

medium scale integration

maultiplexer

Mariner Venus-Mars
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NAD Naval Ammunition Depot, Crane, Indiana
N/A not available
NiCd nickel cadmium
NM/IM neutral mass spectrometer and ion mass spectrometer
NRZ non-return to zero
NVOP normal to Venus orbital plane
OEM other equipment manufacturers
oGO Orbiting Geophysical Observatory
OIM orbit insertion motor
P power
PAM pulse amplitude modulation
PC printed circuit
PCM pulse code modulation
PCM- pulse code modulation-phase shift keying-

PSK-PM phase modulation
PCU power control unit
PDA platform drive assembly
PDM pulse duration modulation
Pl principal investigator

proposed instrument
PJU Pioneer Jupiter-Uranus
PLL phase-locked loop
PM phase modulation
P-Mm. post meridian
P-MOS positive channel metal oxide silicon
PMP parts, materials, processes
PMS probe mission spacecraft
PMT photomultiplier tube
PPM parts per million
pulse position modulation

PR process requirements
PROM programmable read-only memofy
PSE program storage and execution assembly
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ACRCNYMS AND ABBREVIATIONS (CONTINUED)

PSIA pounds per square inch absolute
PSK phase shift key
PSU Pioneer Saturn-Uranus
PTE probe test equipment
QOI quality operation instructions
QTM qualification test model
RCS reaction control subsystem
REF reference
RF radio frequency
RHCP right hand circularly polarized
RHS reflecting heat shield
RMP-B Reentry Measurements Program, Phase B
RMS root mean square
RMU remote multiplexer unit
ROM read only memory
rough order of magnitude
RSS root sum square
RT retargeting
RTU remote terminal unit
) separation , _
SBASI single bridgewire Apollo standard initiator
SCP stored command programmer
SCR silicon controlled rectifier
SCT spin control thrusters
SEA shunt electronics assembly
SFOF Space Flight Operations Facility
SGLS space ground link subsystem
SHIV shock induced vorticity
SLR shock layer radiometer
SLRC shock layer radiometer calibration



ACRONYMS AND ABBREVIATIONS (CONTINUED)}

SMAA semimajor axis

SMIA semiminor axis

SNR signal to noise ratio
SP small probe

SPC sensor and power control
SPSG spin sector generator
SR shunt radiator

SRM solid rocket motor

SSG Science Steering Group
SS51 small scale integration
STM structural test model

STM/TTM structural test model/thermal test model

STS system test set

sync synchronous

TBD to be determined

TCC " test conductor's console

T/D Thor /Delta

TDC telemetry data console

TEMP temperature

TS test set

TTL MSI transistor-transistor logic medium scale integration
TLM telemetry

TOF time of flight

TRF tuned radio frequency

TTM thermal test model

T/V thermo vacuum

TWT travelling wave tube

TWTA travelling wave tube amplifier
UHF ultrahigh frequency

uv ultraviolet
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VAC volts alternating current

VCM vacuum condensable matter

vCO voltage controlled oscillator

vDC volts direct current

VLBI very long baseline interferometry
VoI Venus orbit insertion

VOF Venus orbital plane

VSI Viking standard initiator

VTA variable time of arrival

XDS Xerox Data Systems
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APPENDIX 3A
VENUS PROBE WINDOWS

More than 50 percent of the experiments recommended by the Science
Steering Group (Reference 1} require probe windows to measure character-
istics such as solar flux, infrared flux, aureole, and cloud particles. The
equipment inside the probe pressure shell will be kept at a temperature
below 3450K; but to avoid condensation on the outside window surface, the
window should be above ambient temperature (between 200 and SOOOK).

This is difficult to achieve because the mechanical window support structure
must withstand high prés sures, 10 MN/rn2 (100 atm), and therefore tends

to require thick walls and high thermal conductivity between window and
pressure shell. This, in turn, requires a large amount of electrical power

to heat the window above ambient temperature,.

A battery mass of 1 kg is required to provide 48 watts of electrical
power Fluring a 75-minute probe descent. Because several probe windows
are required, power consumption per window should be limited to a few
watts, DBecause the weight penalty for window heating is crirtical, chemical
window heaters have been suggested. This method requires less weight -
per joule; however, reaction control over the wide temperature range
appears to be a problem. Interference with atmospheric composition

measurements must also be avoided.

Figure 3A -1 shows a mechanical shutter that opens only when a
measurement is performed. The shutter could be combined with a window
wiping device. During the measurement the window is flushed with dry
carbon dicxide that has passeﬂ through an absorption filter or a cold trap.
We have successfully operated such a shutter (Figure 3A-2) at 7730K;
however, the overall approach to window protection is relatively complex

and requires considerable development effort.

3A-1



LIGHT
SENSOR

\
]

WINDOW

PROTECTIVE SHUTTER

2L r 7

S —SHIELD

DRIED/FILTERED FLOW

//

THERMAL INSULATION

FLOW COOLER

/—Fnuea

AMBIENT FLOW
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Figure 3A-2. Light Shutter Tested at 755°K
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Heated windows with low thermal coupling to the probe pressure shell
are considered the most promising approach because of their simple design.
The weight penalty for window heating is the most critical tradeoff parameter.
Window assembly weight and magnetic interferences are additional consider-
ations. The cavity between the hot outer window and the inner window must
be at low pressure { < 105 N/mz) to avoid considerable convective heat trans -

fer between the windows.

For the wiﬁdow'assembly the following design parameters are impor-

tant.

1) Select a structural material with high strength at 755°K but minimal
thermal conduction for the required design parameters. Ductility,
very low magnetic permeability, and suitability for bonding to win-
dows are also desirable. :

2) Develop a structural design that is compatible with the requirements
of high pressure, low weight, and low thermal conduction between
window and pressure shell.

3) Select a method of sealing the window(s) to the window assembly and
the window assembly to the probe pressure shell. This method must
meet the sealing requirements with a minimum weight penalty. A
discussion of these design parameters for window assemblies fol-
lows.

1. STRUCTURAL MATERIALS FOR VENUS PROBE WINDOW ASSEMBLIES

Kovar can be directly bonded to sapphire but it is magnetic and has
low strength at high temperatures. Titanium (TI-6AL-4V) has lower thermal
conductivity and thermal expansion characteristics than steel. However,
these advantages do not cutweigh the superior strength of high temperature
alloys such as A-286, Inconel 718, Inconel 750, Flasteloy B, Rene 41 and
M252. For example, Inconel 718 has a high yield strength (approximately
9,3 x 108 N/mz) at 7550K, and its thermal conductivity is similar to those
of the other high temperature materials, and it is not magnetic. Therefore,

Inconel 718 was selected for metallic support structure of window assemblies.

Glass or ceramics have considerably lower thermal conductivity than
the preferred metals. Fused quartz or glass structures for the window
assemblies should allow lower thermal conduction than metallic structures.
Even if the wall thickness of a quartz tube is twice that of an Inconel 718

tube, the thermal conduction would be less than 30 percent for the quartz
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tube. We have not yet built a test model with a glass or ce ramic support
structure because these materials are very brittle. Shock, impact, or

thermal distortions of the pres sure shell could cause complete failure.

The window material is primarily determined by requirements of |
transmittance range, structural integrity at high temperatures, compat-
ibility with sealing requifements and chemical résistance to environment.
Sapphire was chosen for wavelengths between 0,15 and 5.0 micrometers.
The modulus of rupture of sapphire is 4.5 x 108 N/m for up to 1273°K.
This material is highly inert to chemical interactions and can be bonded
to metals. Temperatures up to 673°K cause only a minor decrease in

transmittance at wavelengths longer than 5 micrometers.

_ For windows with transmittance between 0.5 and 14 micrometers,
IRTRAN 2 is a promising candidate. Only about 10 percent degradation
has been reported in Reference 2 after exposure to 1028°K for 45 minutes.
We have successfully tested an IRTRAN 2 window (Figure 3A -3} witha
thickness of 5.74 mm and an aperture of 12.2 mm at 9.3 MN/mZ' and
728°K. No significant change in appearance of the window was observed.
If transmittance for longer wavelength is required, IRTRAN 4, IRTRAN 6,
and diamond should be considered. The Eastman Kodak €Company reports
that all IRTRAN materials are generally usable at temperatures up to at
least 573°K. Use at higher temperatures is possible depending on conditions
of use, type of IRTRAN material, type of atmosphere, duration, pressure,

tolerable emissivity, etc.
2. STRUCTURAL DESIGN

Early attempts to bond a sapphire window to a metal flange (Figures
3A -4 and 3A -5) showed that minor distortions of the window flange during
mounting caused cracking of the sapphire window. During the search for
an impr0ved‘design of the window assembly, it became apparent that a
tubular support structure for the window would not only reduce stresses
caused by flange distortions but might provide sufficiently low thermal
conduction between the pressure shell and window to make electrical

window heating practical.
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Figure 3A-3, IRTRAN 2 Window Tested at 9.3 MNIm? and 728°K
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Figure 3A-4. Window Assembly with Kovar to Sapphire Bonding
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Figure 3A-5. Window Assembly Which Cracked during Mounting

In NASA Space Vehicle Design Criteria for ""Buckling of Thin Walled
Circular Cylinders' (Reference 3), the following equation is recommended

for the buckling pressure, P, for a material with a Young's modulus E.

p . 0.855 EV7 (1)
[ -eflams o
) )

The value » = 1 has been determined as the theoretical value; however,

a correlation factor of ¥y = 0.75 is recommended. For a Poisson's ratio

of # = 0.3, the buckling pressure is then given by:

P=0.69—Eﬁ+ (2)

©) (%)

where r is the cylinder radius, L the length, and t the wall thickness.

According to this equation, the buckling pressure increases by a
2. . . G
factor n i if the wall thickness-to-radius ratio increases by a factor n.
Equation (1) has been compared with experiment, and design according

to this equation can be considered to be conservative.

3A-6
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Figure 3A -6 shows the thermal conduction for a material with a

conductivity of 2 x 1072 w/m°K along a tube 25 mm long.

NASA has published a series of design criteria to be used as guides for
design of space vehicles, One of these, Reference 4, entitled, '"Buckling
of Thin Walled Truncated Cones, " gives as a lower bound for experimental

data for unstiffened cones under hydrostatic loading:

=\ /¢ 2.5 7\ /e\ 25
P .= 0.75 x 0.92E (i?) (F—) = 0. 69E (E)(p:) {3)

where E is the Young's modulus of the cone material, L is the slant height,

7 is the average radius, and t is the shell thickness.

50
‘D =
25 men DIAMETER
< ) NOTE; THE THERMAL CONDUCTIOM VALUES
& SHOWN ARE VALID ALONG TUBE AXIS
z W FOR MATERIAL WITH A THERMAL
E CONDUCTIVITY OF 2 X 1073 W/M K
z
o
'g 18 mm DIAMETER
Q
z
Q
L]
-
3l
x
=
12 men DIAMETER
 mm DIAMETER
10
& mm DIAMETER
0

1 i | 1
o.M 0.2 0.03 0,04 0.05 0.06 0.07
THICKNESS-TO-INTERNAL-DIAMETER RATIO (T/D)

Flgure 3A-6, Thermal Conduction of a Tube 25 mm Long
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Reference 4 states that L, 7, and t define an "equivalent'' cylinder
which allows theoretical and experimental results for hydrostatic loading
of cylinders to be applied to cones. This reference also cites Reference 5
as applying to ring-stiffened cones, but for lack of supporting data, does
not recommend the use of the approximate buckling formulas presented

there. These are given below

— 2.5 — 0.5
pYftY™" 0.75 [RYAR S
Pcr = 0.92E (E)(B__) glw) (1+712} - (E)(p:) '12 (4)
= 12(1-v%) Izz‘ +12 (22
2
3 t
a t
o

for closely spaced ring stiffeners. IZZ is the moment of inertia of the stiff-
ener cross-section, a, is the stiffener spacing, » is Poisson's ratio, and

ZZ is the offset of the centroid of the stiffened section from that of the skin.

It is apparent that the first of these equations contains the critical
pressure for an unstiffened cone and a correction factor for stiffening. It
is assumed that the same 0. 75 factor which provides a lower bound to the

data scatter band applies also, The stiffening correction factor ¥, then, is

— 0.5
F = g(w) [(1+n2)°'75 . (f)(%) "2] (5)
A .

2. .. -
_12(1-v5) 1 Z.,\
n, = - 22 12( 2) (6}
t
abt

where g(¥) is a correction factor for the taper of the cone, and P ig a device

for "smearing' the stiffener section over the skin area.

In Reference 3, a companion criteria document to Reference 4, Equa-
tion (17} of this reference is identical to the one given above, for unstiffened
cones [Equation (3)], in line with the concept of an "equivalent' cylinder.

It is of interest, then, to consider an "equivalent' stiffened cylinder as

indicative of a stiffened cone.
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For this purpose the following equations apply.

1/4
3= = 2
p =3.513 Dy (ExEy -Exy) (7)
crT LFI'S F
b
E =Xt (8)
x 2
1-»
= _ Et EA
EV—I_”2 +_ar (9)
8]
—E-: — VEt
XY 1 .p? (10)
5 _ _Et , Flaz
Yoo1201-0%) 36 (11)

where Ar is the cross-sectional area of the ring.

There is also the possibility that if the shell is made stable enough

the shell material may yield in compression. The equation for this is:

P =T (;.t-) (12)
cy cy |P

where Fcy is the modulus of rupture. For the specific design which is
shown in Figure 3A -7, certain simplifying approximations must be made be-
cause both the shell thickness and the ring spacing vary. The wall thickness
increases toward the large end of the cone so that the ratio of thickness to
radius does not vary much, Using an average value of this ratic and mate-
rial properties for Inconel from Refer_encé, 6, the buckling failure load for
this structure considered as.an unstiffened cone is calculated from Equa-

tion (3)
_ 7 2
Pcr_1'63X10 N/m (13)

The buckling failure load for the stiffened configuration, considered either
as a cone or an equivalent cylinder, exceeds the Venus surface requirements.

The compressive yield strength calculated from Equation (12) is

_ 7 2 '
P,y =490 x 10" N/m (14)
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This figure is considerably in excess of the buckling failure figure. The
design is reasonably adequate even when considered to be an unstiffened

cone.
3. SEALS FOR VE‘NUS PROBE WINDOWS

The major requirements for Venus probe window seals follow.

1) Minimum leakage is desired and worst-case leakage should not
cause any significant increase in heat transfer, window contami -
nation, or interference with the probe system.

2) The seal must be compatible with the probe environment including

shock and vibration.

3) Low weight, low thermal conduction, and high reliability are

other important characteristics.

The bonding of window material and support structure provides excel-
lent seals and requires little additional weight. Sapphire can be wetted by
glass, titanium, zirconium or molymanganese mistures. It can be matched
to titanium, molybdenum, the high nickel-iron alloys such as Carpenter 49,
copper-nickel alloys, Kovar, and the Corning glass 7520. Bonds can be made
directly to C‘orning 7052. The seal shear strength of sapphire-Kovar joints
is greater than 7 x 107 N/m2 and leak rates are less than 10-15 standard
cubic meters of helium per second. Braze systems for sapphire metal
assemblies are available for service at 1873, 1673, 1273 and 1073°K in
vacuurmn, air, alkali metal environments and halogen atmospheres,

respectively.

To achieve metal -to-window bonds, a close match between the co-
efficients of thermal expansion over the temperature range is important.
Because this cannot be achieved completely, an elastic tubular support
structure is needed, To avoid excessive stresses the tubing bonded to the
window must be thin-walled. For sapphire windows with a diameter of
5 to 25 mm, a wall thickness of no more than 0.5 mm is generally used
for Kovar or copper-nickel rings boﬁded to the sapphire window. Thin-wall
0.3 mm Kovar tubes are not strdng enough to reliably withstand Venus
surface conditions. Figure 3A-8 shows the design of a Kovar window
assembly., At room temperature, it withstood more than 1.4 x 107 N/rn2

but collapsed at 9.3 x 106 N/r:rl2 and 725°K (Figure 3A-9). Apparently the
thin (0. 38 mm) tube section next to the sapphire failed.
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Figure 3A-8. Sapphire Window
with Tubular Support Structure

Figure 3A-9. Kovar Window Assembly after Collapse at 9. 3x106 NIm? and 725°
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To achieve a nonmagnetic bond between sapphire and Inconel 718 the
design shown in Figure 3A-10 was chosen after several less successful
attempts. A ring of nonmagnetic copper -nickel alloy is copper brazed at
about 1400°K to the metallized sapphire window. Then this unit is brazed
at approximately 1100°K to the nickel-plated Inconel tube. It is desirable
to braze at the end of the copper-nickel ring., The nickel plating is mag-
netic; however, more than 90 percent of the nickel film could be removed
after brazing or the nickel plating could be replaced by nonmagnetic gold
or silver plating. The basically nonmagnetic sapphire -to-Inconel 718
bond was successfully tested at 9.3 x 106‘1\1/1'1'12 and 725°K. The leak rate
was measured by sensing gas volume that leaked into a water container.

No gas bubbles caused by leakage could be observed.

SAPPHIRE WINDOW

2
wrl7 A

COPPER WASHER e COPPER-NICKEL RING

NPT AR

COTIRTTY

STIFFEMING RINGS

TUBE WITH FLANGE
(INCONEL 718)

| A
! |—-IJ.J mm'.l f

Figure 3A-10. Design of Inconel Window Assembly

Figure 3A-11 shows major tradeoff considerations between various
types of high pressure seals. Weight is a critical parameter for space
probe design and the weight penalty required for the seal is directly
related to the force required to achieve a seal. Gaskets manufactured of
asbestos with silicone or Viton, function over the temperature range of
interest but have a large surface area and require high compressive forces.
Metallic gaskets are frequently used in vacuum systems up to 720°K. The
compressive forces are on the order of several hundred thousand Newtons
per circular meter. When we heated such seals we experienced loose
bolts after cooling, Apparently the material of the copper gasket flowed at

the high temperatures (670°K).
3A-13



GASKET OF ASBESTOS WIRE O-RING
< WITH SILICON OR VITOM METALLIC GASKET {Cu) MATERIAL: A1, Coe, Ay, 5.5,

.
T e
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N
«p

55X 104 N/M OF CIRCULAR 5.5 X 107 N/M OF CIRCULAR

2.7 X 10° N/M OF CIRCLLAR
Figure 3A-11. Major Tradeoffs Between Seal Designs

Hollow metal O-rings were frequently used in our designs. Typical
dimensions are 1.5 mm outside diameter of a silver -plated Inconel tube
with a 0.25 mm thick wall, The ends of the tube are welded together to
form a ring. At l.4x 107 N/m; and 700°K typical CO2 leakapge was on the
order of 10_5 std m3 per hour. Teflon coating is also available for these

C-rings.

Machined O-rings cost several times as much as hollow metal O-rings
but we achieved good sealing at simulated Venus surface conditions. At
2.8x 107 N/m and 313°K, or at 9.3 x 10® N/m? and 725°K, we could not
observe gas bubbles (510_7 m3) escaping during a period of 300 seconds.
Figure 3A-12 shows a test setup of four window assemblies in a Venus

simulation chamber.

Preliminary tests with machined and hollow metal O-rings indicate
that when vacuum is on the "high pressure side" and 1 atmosphere pressure
15 on the low pressure side (space flight condition), machined O-rings leak

considerable more than hollow metal O-rings.
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Figure 3A-12, Test Setup for Leak Test of Window Assemblies

4, WINDOW ASSEMBLY DESIGN

The tradeoff considerations in regard to structural materials, struc-
tural designs, and window sealing were combined to achieve optimum designs
of window assemblies for Venus probes and/or Venus atmosphere simu-
lation chambers. Figure 3A-13 shows the design of a sapphire window for
our test chamber. The window aperture is 25 mm in diameter and all
structural parts are made of stainless steel. The hollow O-rings provide
not only a seal but also an elastic window support to avoid stress concen-
trations. The O-ring compression is limited by the window thickness and
the additional gap allowed for the O-rings. The six bolts should be torqued
systematically to 25, 50, and 100 percent of maximum torque. Figure 3A-14
is a photograph of this window assembly which was successfully tested at

9.3 x 10° N/m? and 725°K.
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Figure 3A-13. Sapphire Window Design for Venus Atmosphere Simulation Chamber

Fiqure 3A-14. Completed Sapphire Window Tested Successfully at 9, 3:105 Nlrn2 and 725°K
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During this test the design shown in Figure 3A-15 was also tested.
The clamp ring and probe shell parts are made of aluminum. The six
bolts are screwed into a helicoil. Because the sapphire window assembly
is a double cylinder with diameters of 20 and 25 mm, a flat top surface is

achieved. This would be an advantage if window wiping is desired.
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\—' PROBE SHELL \ HOLLOW METAL O-RING L HELICOIL

Figure 3A-15. High Pressure Window with Fiat Top Surface

A major part of this effort was to design, build, and test sapphire
and IRTRAN 2 windows that would be suitable for Venus probes and are
nonmagnetic, Because it is doubtful that an IRTRAN-2 -to-metal bond can
be achieved, two approaches with clamped double windows were designed,
manufactured, and tested. The first design is shown in Figure 3A-16,

For the second design (Figure 3A-17), the weight of the assembly was
considerably reduced; with the two windows it weighs approximately 0.1 kg,
The machined O-rings sealed very well. At 725°K and 9.3 x 106 N/mz,

no CO2 bubbles leaked through the IRTRAN 2 seal. For a sapphire window
the heater was attached to a groove around the sapphire window port. In
this manner, good thermal coupling between heater and window is achieved

while the contacts to the window assembly structure have small Inconel

cross sections and cause little heat conduction.
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Figure 3A-16. Tubular Window Assembly with Two
Clamping Seals
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Figure 3A-17. Lightweight Design of Tubufar Window
with Compression Seals
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In spite of the efforts to achieve a lightweight clamped window, this '
type of seal is heavier than a window assembly with metal-to-sapphire
bonding. The bonded seal allows minimum weight for sapphire window
and window seal. The design of the window bonded assembly is shown in
Figure 3A-18. Two window assemblies of this type were manufactured.
They have wall thicknesses of 0.76 and 0. 62 mm which corresponds to
calculated collapse pressures of 3,72 x 108 and 2.34 x 108 N/mz. The
window assembly shown in Figure 3A-19 was successfully tested at 725°K
and 9.3 x 10°

achieving bonded seals between sapphire and Inconel 718 were overcome.

N/mz. No leakage could be measured. Initial difficulties in

This bonding technique will also be very useful for the conical window design

described below.

1.14.0 mn
SAPPHIRE WINDOW DIAMETER

j———HEATER WIRE

N VESPEL RING

LEADS TO HEATER

INCONEL TUBE

. A\

Figure 3A-18. Tubular Window Assembly with Heater
and Sapphire Window Bonded to Metat

Cylindrical shells under hydrostatic outside pressure can often be
designed withxs‘tiffening rings to be stress limited. The tube cross section
and thermal conduction along the tube increase proportionally to the tube
diameter. For buckling-limited cylinders, the wall thickness increases by
approximately a factor nO' when the diameter increases by a factor n,
Therefore, the thermal conduction increases approximately proportional
to n1'6. For windows requiring a narrow field of view, a reduction of ther-
mal conductance can be obtained without loss of aperture by constructing
the window with a conical conf_iguratioh having a smaller average diameter
than that of its cylindrical equivalent.
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Figure 3A-19. Sapphire Window Bonded to Tubular Inconel Structure

Figure 3A-20 shows across section of a conical window; manufacturing

details are shown in Figure 3A-7.

LENS WINDOW
HEATER

COPPER-NICKEL
RING

INCONEL CONE

PROBE
IMSULATION

Figure 3A-20, Conical Window
Mounted to Probe Wall

Only one stiffening ring is within the thermal insulation because it

shortens the effective tube length in regard to thermal impedence, Six
to seal and mount the window assembly to the probe wall.

Inconel 718 cone in

bolts are used
The 25 mm diameter lens or window is bonded to the

a manner similar to that used for the tubular window shown in Figure 3A-18.
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Figures 3A-21 and 3A-22 are conceptual designs of viewing ports with
2w steradian field of view and diffusers for one version of a solar radiom-
eter. These viewing ports are mounted near an antenna and therefore
should not be conductive. Light from the diffuser is conducted by light
pipes to the light detector. Internal reflection along the walls of the light
pipe is caused either by a glass coating with a lower index of refraction
or gas surrounding the light pipe. The light pipe is separated to achieve
a high thermal impedence without losing a considerable portion of the light
signal. Contact areas with the light pipe are kept to a minimum to avoid

significant losses of light signal.
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Figure 3A-21.- £xtended Viewing Port with Ditfuser
and Uncoated Light Pipe

Figure 3A-23 shows concepts for two window-wiping devices. One
concept uses an electrical motor that is heat-sinked to the cool pressure

shell. The mechanical motion is coupled to the wiper by means of a rod.
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Fiqure 3A-22. Extended Viewing Port
with Qiffuser and Coated Light Pipe
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Figure 3A-23. Two Concepts for Electromechanical Drives to Wipe Windows
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A simple ratchet drive similar to those used in stepping switches is
less efficient than a motor, but the development cost is lower than that of a
high temperature motor. A low-weight drive appears to be more impoftant
than efficiency for this purpose. We have demonstrated the feasibility of
an electromagnet and a ratchet wheel drive at 750°K. Figure 3A-24 shows
a concept to simulate cloud effects and particles to evaluate the performance
of window assemblies. A postulated cloud compound is heated above ambient
to generate vapor of the cloud compound. ' A cooler window assembly is
positioned near this vapor. The effect of the vapor on the window transmit-
tance is measured by means of a light source and a heated chamber window.

The test setup allows injection of solid irticles.

SETUP FOR PARTIGLE~__ m
INJECTION TR ,.:,

ELECTRICAL

FEEDTHROUGH '—-——-____ﬁ

TEST OB JECT
SUCH AS HEATED
WINDOW OR
WINDOW WIPER

EVAPORATING
CLOUD COMPOUND

HEATER

HEATED PRESSURE
CHAMBER

Figure 3A-24, Concept for Cloud/Dust Simulation and
Evaluation of Window Assembly
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APPENDIX 3B

ACCOMMODATING THE MAGNETOMETER

1. REMANENT MAGNETIC FIELD MODELING

A magnetic model of the Pioneer Venus small probe was generated.

A computer program used the model to calculate expected remanent fields

at the magnetometer sensor location shown in Figure 3B-1. The modeling

was based on the following assumptions:

1)

2)

3)

4)

5}

Field values of individual component parts were based on test

-data from the Pioneer Jupiter program for the demapgnetized con-

dition, and therefore the values calculated presume a magnetic
contreol program of the same scope as used for Pioneer 10.

A dipole approximation (this may be optimistic) was used to
calculate the change in field with distance from the geometrical
center of the assembly to the geometrical center of the magne-
tometer sensor,

One half of the IC flat packs in an assembly were aligned parallel
to the Y axis of the probe and one half were aligned parallel to the
Z axis of the probe. Lead length for the IC's was set at a max-
immum of 0.33 cm.

In cases where no test data were available for a specific part,
a field value was established based on a comparison with a simi-
lar device for which field data were available.

The computer program transforms the vector fields of the subsystem
assemblies into probe coordinates and performs a vector summation
at the location of the magnetometer sensor.

The resultant estimated remanent field at the location of the geometri-

cal center of the sensor (as shown in Figure 3B-1) is 1114 nT. The sensor is

assumed to be a single-axis fluxgate with axis oriented at 57 degrees from

the small probe symmetry axis, (Equal field components along the X, Y,

and Z axes would produce equal contributions in the sensor at this orienta-

tion). The component of the calculated remanent field 'parallel to the sensor

axis would be 775 nT. Two alternative sensor locations resulted in total

remanent fields of 1126 nT and 1670 nT.
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Figure 38-1, Small Probe Magnetic Field Determination

To estimate the total field including stray fields, we have added a
figure of 20 percent for stray fields, This increases the calculated field
to approximately 1400 nT. This value for the stray field derives from anal-
ogy to Pioneer 10. On that spacecraft, the stray fields at the assembly level
ran approximately 100 percent of the remanent field but at the spacecraft
level, the stray field was virtually undetectable because of cancellations
among the assemblies. The Pioneer Venus small probe will be packaged more
densely, and will use lower powered currents so that a value of 20 percent

appears reasonably conservative,
2. MAGNETIC CONTROL

The value of 1400 nT will vary depending on the relative positioning
and orientation of the sensor and the assemblies that contribute the major
share of the field. This variation is estimated to be 1400 nT + 50 percent
based upon a number of computer calculations and examination of those
assemblies contributing the large portion of the field. Three ways by which
the field at the sensor may be reduced are as follows:

1) Increase the separation distance between the sensor and the local

field

2) Repackage the assemblies to stack together, obtaining a more
efficient use of the separation effect and essentially eliminate stray
fields by eliminating interconnecting cabling.
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3) Eliminate a significant portion of the remanent field using hybrid

electronics and DIPS. '

All locations greater than 13 em from the probe center are outside
the pressure vessel in the Thor/Delta probe and expose the sensor to the
ambient temperature., For the Atlas/Céntaur the maximum distance is 19
cm. One type of flux gate has been shown to perform with no temperature
drifts up to 338°K. A manufacturer of another type of flux gate sensor has
indicated that sensors have been built to dperate satisfactorily to 473°K and
that it would proba‘bly not be too difficult to extend this range to 573°K with
proper wire insulation and structural thermal compensation. However, the
loss of permeability of suitable core materials becomes a serious problem
in the 673°K range and would fequire a large metallurgical research program

to produce a suitable alloy.

Without thermal protection, operation to 338°K would limit the mea-
surements to altitudes above 51.5 km, while operation to 673°K would allow

measurements to be taken down to approximately 12 km of the surface,

It appears that within the present size of the small probe, it is not
possible to keep. the field below 100 nT by magnetic cleanliness design and
control. The lowest value achievable appears to be approximately 630 nT,
and to achieve this requires a2 magnetic control program such as Pioneer 10
at a cost of $500 000 and a new integrated packaging concept as shown on
Figures 3B-2 and 3B-3. In keeping with the cost saving philosophy of this
program, it may be possible to show some significant savings in the cost of

magnetic control and keep the program at Pioneer 10 cleanliness.
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MAGNETOMETER
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Figure 3B-2. Integrated Electronic Package Concept for Thor/Delta
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A 19-cm separation distance can be obtained inside the Atlas/Centaur
probe. At this distance the field could be limited to 295 nT using Pioneer 10

magnetic cleanliness technology.

To approach a value of 100 nT at the sensor, we must use a magnetom-
eter developed for high temperature operation. ILocating the sensor within
the aeroshell (as in Figure 3B-4) at a maximum separation distance from the
Thor/Delta launched probe results in a field level of 46 nT. This approach
involves the same magnetic control cost as discussed above, plus the use
of hybrid electronics and dual in-line packages (DIP's) for some of the as-
semblies at a cost of $250 000, plus the cost of developing a high tempera-
ture sensor, plus the cost of developing thermal insulation that might be
used to further decrease the altitude to which the sensor will operate. Ob-
viously these costs will depend upon the altitude to which operation is re-
quired. Furthermore, both the sensor and the insulation will add weight
{~0.4 kg) to limit sensor temperature to 583°K at the surface (see Section
3. below) over that for a sensor accommodated inside the pressure vessel,
Part of the development costs and weight will be associated with the wires
and connectors between the remotely located sensor and its electronics lo-
cated within the pressure vessel. In addition, the temperature of the sensor
must be accurately monitored by a thermistor or thermocouple (additicnal

cost and weight} and these measurements included in the data stream.
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Figure 38-4, Triaxial Fluxgate Sensor Located Within
Aeroshetl on Thor/Detta Small Probe

A fixed sensor located outside the aeroshell was initially considered
but dropped because of the perturbations it could induce during probe entry
into the atmosphere. The next category considered was a sensor stowed
within the aeroshell during entry and then deployed 7 to 10 ¢m beyond ';che
base cover to a distance of 30.5 c¢m from the probe center, Two }nechaﬁisms
wlere envisioned depending upon the dimensions of the magnetometer in its
thermal protection envelope. If the dimensions are no greater than 4 to 5
cm in diameter, then a mechanism analogous to the PAET temperature probe
deployment could be used. If the dimensions exceeded 5 cm diameter, then
a mechanism of the type shown in Figure 3B-5 was considered, In either
case, two and preferably three such devices were necessary to balance the
aerodynamic effects of the projecting mass and surface. Very preliminary
estimates of the program cost implications of this deployment are $300 000.

SCIENCE PROBE (DEPLOYED 3 PLACE EQUALLY SPACED)
TYPICAL FOR MAGNETOMETER 8. TEMPERATURE SEMSORS -7

R

MAGNETOMETER ACTUATCR : _,‘/"‘,‘c.,"
{SPRING-DAMPER) 7

STQWED

Figure 3B=5, Deployable Biaxial Fluxgate Sensor on Thor/Deita Probe
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To summarize the above considerations, four locations for the magne-
tometer sensor are illustrated in Figure 3B-6. These locations, designed
to reduce background magnetic field seen by the sensors are:

1) Sensor located within the pressure vessel at maximum separation

from subsystems with high remanent field.

2) Temperature-protected sensor located within the aeroshell at a
maximum distance from the pressure vessel.

3) Temperature-protected sensor located on short boom deployed

through base cover opening (30 cm from probe center) after entry
with two dummy sensors to balance configuration.

4) Temperature-protected sensor located on tripod (self-erecting
after entry) with sensor along roll axis {63 cm from probe center).

Figure 38-6. Magnetometer Accommodation Coencepts

The magnetic cleanliness impact of these configurations are itemized
in Table 3B-1. The table shows the estimates of the magnetic field background
at each magnectometer sensor location for four levels of magnetic cleanli-

ness.
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Table 3B-1,

Impact of Magnetic Control

on Thor/Delta Launch Design

LOCATION

MAGHETIC
CONTROL

LEVEL LEVEL LEVEL LEVEL
] 2 3 4

1]

A4

630 nT 5 500 G0O 40507 $ 750000 7000 nT $100000 14 000 nT
OKG Q0 KG JKG

295 T S 700 000 d6nT S PS0D00 ¥ 400 nT 5300 00O 2 BYG AT
0.4 KG GL4KG 0.4KG

50aT §1 000 000 T 10T $) 250 000 500 nT 5400 000
L5 KG 1L5KG 1.5KG

55 nT 5600 D00 140 nT
1 KG

50
OKG

$200 000
0.4 KG

5500 000
I KG

1EVEL | -
LEVEL 2 -

LEVEL J -

LEVEL 4 -

LOCATIONS ARE IDENTIFIED IN FIGURE 3-8, THE MAGNETIC CONTROL

LEVELS ARE:

PONEER 10 MAGNETIC CLEANLHNESS

PIONEER 10 MAGNETIC CLEANLINESS PLUS THE USE OF HYBRIDS
AND DIF TO REDUCE REMANENT FIELD FROM LEADS AND CASES
REDUCED LEVEL OF MAGMETIC CLEAMLIMESS SUCH AS EMPLOYED
ON PARTICLES AND FYELDS SUBSATELLITE

NG FORMAL MAGNETIC CLEAMLINESS BUT GOOD DESIGN AND
PROCUREMEMT PRACTICES

The total program cost elements for design, development and fabri-

cation are as follows:

Magnetic control

Level 3 $100 000
Level 1 $500 000

$500 000 magnetic

cleanliness

Level 2

$250 000 hybrids and

DIP

High temperature sensor (58001{) - $100 000

Temperature protection to hold sensor to 580°K - $100 000

Deployable boom - $300 000
Deployable aerofin - $300 000

Planet reference receiver and antenna - $250 000

The weight elements are as follows:

Temperature protected sensor housing

Three stub booms deployed through base cover

One self-erecting boom on outside of base cover - 0.6 kg (per probe)
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3. THERMAL ANALYSIS OF EXTERNALLY MOUNTED VENUS
PROBE MAGNETOMETER

Four configurations for thermal protection of an externally mounted
small probe magnetometer have been analyzed. The first configuration
shown in Figure 3B-7 consisted of a two-eclement magnetometer imbedded
in a 4. 5-cm-diameter sphere of MIN-K insulation. The second configuration
consisted of a 6.4-mm-thick spherical shell of water having an internal di-
ameter of 4. 5-cm surrounded by a 1-cm-thick spherical shell of MIN-K with
an internal diameter of 5.7 cm. The third configuration consisted of a 1, 6-
cm-thick spherical shell of water having a 4.5 ¢m inside diameter surrounded
by a 1. 3-cm-thick spherical shell of MIN-K with an internal diameter of 7.7
em. The fourth configuration consisted of the 4, 5-cm-diameter sphere of
configuration 1 inserted in the 4, 5-cm-diameter internal cavity of configura-

tion 2.

CONFIGURATION 1 /{é’-"‘
W
0.012 KG MIN-K

T TWATER T

- e
CONFIGURATION ¥ -~ e
0.045 KG MIN-K . P
0,045 KG WATER
CTONFIGURATION 3
0.1 KG MIN-K ’
¢.17 KG WATER 3
Figure 38-7, Magnetorneter Sensor Thermal Protection
Configur ations

Thermal analyses were performed using the temperature, pressure,
composition, density, and viscosity Eorres‘@onding to the SP-8011 Venus
atmospheric model. The atmospheric properties were related to the time

of descent via the small probe ballistic coefficient of 198 kg/mz.
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Figure 3B-8 shows the atmospheric temperature as a function of
descent time. A computer program incorporating all of the atmospheric
properties and a thermal network of the magnetometer shown in configuration
! of Figure 3B-7 was used to calculate the instrument temperature as a
function of time, This temperature response, shown in Figure 3B-8, makes
it evident that no reasonable amount of passive insulation could maintain
the temperature of an externally mounted magnetometer within the allowable

limits.

Some attention was given to possible heat sink materials, Configura-
tions 2 and 3 of Figure 3B-7 were analyzed using water as a heat sink ma-
terial. The temperature response for each of these configurations was
calculated manually under the assumption that the external insulation tem-
perature was egual to the local atmospheric temperature. Thermal capa-
citances of hoth the MIN-K insulation and the liquid water phase were in-

cluded; the internal 4. 5-cm-diameter cavity was considered void.

1. 4.5-CM-DIAMETER SPHERE -
0.012 KG MIN-K OMLY
2. 7.6-CM-DIAMETER SPHERE
700 |- 0,045 K.G MIN-K
0.045 KG WATER
3, 10-CM-DIAMETER SPHERE
0.1 KG MIN-K
4dd 0.17 KG WATER
4. COMBINATION OF
CONFIGURATIONS | & 2
588 [
=
n—»—
g 533}
] BOILING
E STARTS
Soayrf
a2}
assl
n i 1 1 i 1 J
0 0.1 0,2 0.3 0.4 0,5 0.6 0.7 0.8 0.9 1.0
ENTRY TUME (HR) SURF ACE

Figure 3B-8. Magnetometer Temperalures

For configuration 2, the water temperature reached the local boiling
point at about 0. 65 hours into the descent and essentially all of the 0.020 kg

(0. 045 pounds) of water had evaporated upon arrival at the planet surface.
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For configuration 3, the liguid water temperature did not reach the
local boiling point until the probe arrived at the planet surface. The thermal
capacitance of the 0,075 kg (0.165 pounds) of liquid water was sufficient to

absorb the energy transferred from the atmosphere without evaporation.

In configuration 4, the computer program for configuration 1 was used
with the water temperature profile for configuration 2 substituted for the
atmospheric temperature profile, The temperature response for the com-
bined configuration shown as Configuration 4 in Figure 3B-8 indicates that
the thermal protection offered by the 4, 5-cm sphere of MIN-K around the

magnetometer is insignificant relative to the water jacket.

Lower boiling temperatures could be achieved by substituting ammonia
for water as the boiling heat sink material. The ammonia critical temper-
ature is 405°K at a critical pressure of 1,13 x 107 N/mz. The lower bhoiling
point of ammonia relative to water is partially compromised by a lower latent
heat (1. 37 x 106 J/kg) , a lower density ( 600 kg/m3 at 297OK) and a higher
vapor pressure (106 N/rn2 at 298°K ) . In addition, the latent heat would
decrease drastically as the critical pressure is approached near the planet

surface.

Another possible heat sink candidate is ammonium carbonate, which
has a pressure independent endothermic heat of decomposition of about 1. 79 x
106 T/kg at 333°K. The products of decomposition are all gases (ammonia,
carbon dioxide, water vapor) so that no solid residue remains, Because

the reaction is irreversible, premature decomposition must be prevented.
4. PLANET REFERENCE

Discussions with one of the magnetometer experimenters have indi-
cated that the experiment would still be useful without a planet reference.
His order of desirability for this information is:

1) An on-board sun sensor that pulses a biaxial sensor to take data

at known solar azimuth angles

2) A reference received at earth, which can be used to deduce the

magnetometer sensor axes positions at the time of each measure-
ment

3) No basis for obtaining a reference of the planet direction when
the magnetometer measurements were made.
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Techniques to satisfy items 1 and 2 that have been considered to
varying degrces are:

1) Antcnna notch or spike (2)

2) Polarization pattern (2)

3) Modify nephelometer to detect sun (1, 2}

4) Add sun sensor at visible wavelengths (1, 2)
5) Add sun sensor at radio wavelengths (1, 2)

6) Detect uplink with directional antenna-receiver (1, 2).
Techniques 1) and 2) do not appear practical because there is an unaccept-
able communication penalty to provide a recognizable notch, spike, or
polarization pattern in the downlink. This penalty, estimated at 3 dB, would
bring the signal down below the margin for adverse conditions in the link,
thereby compromising the entire experiment complement of the small probe.
Technique 3) would complicate only the nephelometer. The nephelometer
light source will probably be highly collimated to reduce the falloff in sen-
gsitivity with distance. The detector, however, could have a larger fan-
shaped field of view, which would be sure to include the sun. Chopping the
light signal from the nephelometer source would provide a basis for sep-
arating it from the dc solar signal. It is estimated that the modification to
the nephelometer would increase its cost and weight by 10 and 20 percent,

respectively,

Technique 4) would probably not be more expensive than modifying
the nephelometer but could be two or three times heavier and would require
.another window. Both 3) and 4) would cease to be usable when the probe
descended through a sufficient thickness of clouds to render the sun undis-
tinguishable as a source. This could occur fairly high in the atmosphere

so the utility of these techniques is significantly limited.

The possibility of using the sun as a directional radio source that
could be viewed through the clouds and Venus atmosphere all the way to the
surface was considered. The solar energy emitted during solar quiet periods

at S-band is 1.9 x 10-20 W/::rn2 em, and at X-band it is 2.9 x 10-18 W/crm2 gm.
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If we consider a superheterodyne receiver with a 5 kHz bandwidth, then the
detectable energy fluxes would be 5.9 x 10-21 V\T/c.:rn2 at S-band and 6.4 x
10—29 W/sz at X-band. To determine whether these fluxes are reasonable
one must consider antenna size as it relates to detector noise levels for
these fluxes. A further consideration must be given to antenna size in re-
lation to the gain, and therefore directionality of the signal. A low-gain
antenna does not have such directionality. Thus, for example, the antenna
area required by the diffraction limit to obtain unity gain at S-hand is

24,2 cmz, whereas this area can provide a gain of 15 (11. 8 dB) at X-bhand.

At this point we look at the S-band signal strength arriving at Venus
from the 400 kW S-band uplink from the DSN transmitter. This signal is
2.16 x 10_16 W A:mz, which is 37 000 times as intense as the solar S-band
signal. It therefore appears that at S-band it is preferable to use the DSN
as a directional source rather than the sun., However, we must now con-
sider what size antenna is necessary to get a reasonably sharp signal
pulse. Thus an antenna beam width of 28 x 27 degrees is obtained with
antenna area of 34.5 x 45.6 cm = 1570 c:mz, which has a gain of 65 (18.1 dB).
At S-band the antenna size and weight is limited by angular resolutions
rather than by signal strength from the DSN. The above antenna, which is
23.9 e¢m deep and weighs 2.3 kg, is too large and heavy to be practical for
the small probe. The alternative use of a unity gain antenna appears more
reasonable in weight { 0.11 kg), but would give a long pulse with a very
poorly defined maximum. The receiver output would probably require proc-
essing to determine the angle at which the signal peaked. A small super-
hetrodyne receiver weighing 0. 34 to 0.45 kg would be adequate. The total
weight would then be 0.45 to 0.56 kg..- The cost of this technique has heen
roughly estimated at $250 000 plus the cost of additional signal processing
logic to be tied to the magnetometer if the output were used onboard to trig-
ger the magnetometer {experimenter's preference 1). The receiver output
could instead be sent back to earth and pro.ces sed to yield planet reference
data to determine on the ground where the sensor was pointing when the mea-
surement was made (experimenter's preference 2). This would increase
the data stream from the small probe, but there are probably no major cost
differences using the technique in either mode. It may be very likely that
ground processing of the signal would yield a more accurate knowledge of

the sensor orientation than on-board processing.
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The alternative of using the X-band solar signal has not been fully
evaluated and might still be considered as a viable choice. The antenna
size and weight required for 15 dB gain at X-band (sufficient to give good
angular resolution and thereby satisfy experimenter's preference 1) is
similar to the 0.1l kg, unity gain S-band antenna identified above. The vi-
ability will depend on whether a small X-band receiver can be designed for
reasonable signal-to-noisc ratio with an input signal of 0.8 x 10_18 watts

(-151 dBm). This signal strength assumes a 24.2 cmz antenna {15 dB gain

at X-band) and a 3 dB, attenuation in the Venus atmosphere.

5. PROBE SPIN

A spinning probe permits the experiment to be performed with a two-
axis sensor. It, however, does not lower the data rate since the spinning
axis must be read out with sufficient frequency to resolve the vector in that
plane. If the probe spins it provides a basis for subtracting out the probe
field component in the vlane perpendicular to the spin from the planetary
field. The probe field will be a DC signal (perhaps slowly varying in time)
and the Venus field should be a modulation of this signal at the spin frequency.
This technigue of continuous calibration is useful only if a large number of
measurements are taken over each spin and the azimuthal position of the
probe is known in planet coordinates for each measurement. Alternatively,
a measurement could be taken, say, once every spin but 60 degrees further
in azimuth so that over five spins six measurements would be obtained over
360 degrees. To do this the planet reference signal triggering the measure-

ment must be quite accurate and have more logic in it.

Spin and planet reference are therefore related in that there seems
to be little value in having the probe spin unless a planet reference is also
available. One of the experimenters has indicated that spin, like planet
reference, is not a requirement of the experiment. If the probe were not
spinning, a three-axis sensor would be used at a very slight weight penalty
(~30 grams). Although the small probe will enter spinning, that spin will
in all likelihood not be maintained during terminal descent. Some rate may
be maintained and asymmetries in the surface of the ablator after entry may
also produce some spin. Providing a specific spin rate would require de-
ployment of fins after entry at a cost and weight penalty comparable to that
for the magnetometer doors ($300 000), although there is some possibility

that the spin surfaces could be combined with the doors.
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6. CONCLUSIONS

Design and control alcne for magnetic cleanliness is not sufficient
to keep the background field at the sensor down to 100 nT.

For the small probe launched on Thor/Delta, achieving 100 nT
requires development of a high-temperature sensor, use of hybrid
electronics and DIP, and stringent magentic cleanliness at a total
cost increment of close to $1 000 000.

For the small probe configuration launched on Atlas/Centaur, it
may be possible to save some of these costs by either eliminating
magnetic cleanliness and using a high~temperature sensor on a
boom or by mounting a low-temperature sensor inside the probe.

Planet reference data for the magnetometer may be obtained to

the surface by use of a separate radiometer detecting the DSN up-
link at a cost of $250 000. A considerably cheaper technique
would modify the small probe nephelometer to detect the sun. This
would only be usable above the clouds.

Providing positive spin control on the small probe would cost ap-
proximately $300 000. Part of this cost could be eliminated if
the spin surfaces were made integral with the doors in the base
cover through which the sensor was deployed.
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APPENDIX 6A
COMMAND LIST

LARGE PROBE

TO FROM
SCIENCE
Temperature Gauge PCU PCU/Probe Bus/EGSE
Power ON
Pressure Gauge Power ON PCU PCU/Probe Bus/EGSE
Accelerometer Power ON PCU PCU/Probe Bué/ECSE
Neutral Mass Spectrometer PCU PCU/Probe Bus/EGSE
Power ON ‘
Cloud Particle Size PCU PCU/Probe Bus/EGSE
Analyzer Power ON
Solar Radiometer PCU PCU/Probe Bus/EGSE
Power ON
IR Flux Radiometer PCU PCU/Probe Bus/EGSE
Power ON ‘ . -
Gas Chromatograph PCU PCU/Probe Bus/EGSE
Power ON .
Wind/Altitude Radar PCU PCU/Probe Bus/EGSE
Power ON
Hygrometer Power ON PCU PCU/Probe Bus/EGSE
All Science Power ON/OFF PCU PCU/Probe Bus/EGSE
Mass Spectrometer Pyro Mass Spectrometer PCU/Probe Bus/EGSE
Fire No. 1
Mass Spectrometer Pyro Mass Spectrometer PCU/Probe Bus/EGSE
Fire No. 2
Mass Spectrometer Pyro Mass Speétromieter PCU/Probe Bus/EGSE
Fire No. 3 '
Mass Spectrometer Pyro Mass Spectrometer PCU/Probe Bus/EGSE
Fire No, 4 :
Mass Spectrometer Pyro Mass Spectrometer PCU/Probe Bus/EGSE
Fire No, 5
Mass Spectrometer Pyro Mass Spectrometer PCU/Probe Bus/EGSE
Fire No. 6
Mass Spectrometer Pyro Mass Spectrometer PCU/Probe Bus/EGSE
Fire No. 7
Mass Spectrometer Pyro Mass Spectrometer PCU/Probe Bus/EGSE

Fire No. 8
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TO

FROM

Mass Spectrometer Pyro
Fire No. 9

Mass Spectrometer Pyro
Fire No. 10

Mass Spectrometer Pyro
Fire No. 11

PHC

Format A
Format B
Eormat D1
Format D2

DHC Subsystem Power
ON/OFF

G-Switch Safe/Arm

Coast Timer Power
ON/OFF

Coast Timer Reset

Coast Timer Normal/
Accelerate

DTU Bit Rate Normal/
Accelerate

POWER

Pyrotechnic Safe/Arm

Pyrotechnic No. 1 -
Mortar fire

Pyrotechnic No, 2 -
Mortar fire

Pyrotechnic No. 3 -
Aeroshell jettison

Pyrotechnic No. 4 -
Aeroshell jettison

Pyrotechnic No., 5 -
Afterbody parachute

Pyrotechnic No, 6 -
Afterbody parachute

Mass Spectrometer
Mass Spectrometer

Mass Spectrometer

DTU
DTU
DTU
D'TuU
PCU

PCU
PCU

Coast Timer

Coast Timer

Descent Timer

Pyro Firing Circuits

Pyro Firing Circuits
Pyro FiJI:'ing Circuits
Pyro Firing Circuits
Pyro Firing Circuits
Pyro Firing Circuits

Pyro Firing Circuits

6A-2

PCU/Probe

PCU/Probe

PCU/Probe

PCU/Probe
PCU/Probe
PCU/Probe
PClU/Probe
PCU/Probe

PCU/Probe
PCU/Probe

PCU/Probe

Bus/EGSE

Bus /EGSE

Bus /EGSE

Bus /EGSE
Bus/EGSE
Bus/EGSE
Bus/EGSE
Bus/EGSE

Bus/EGSE
Bus/EGSE

Bus /EGSE

Probe Bus/EGSE

Probe Bus/EGSE

PCU/Prohe
PCU/Probe

PCU/Probe
PCU/Probe
PCU/Probe
PCU/Probe

PCU/Probe

Bus /EGSE
Bus /EGSE

Bus/EGSE

Bus /EGSE

Bus /EGSE

Bus /EGSE

Bus /EGSE



Power ON-LOW - |

6A-3

TO FROM
COMMUNICATIONS
Communications Subsystem PCU PCU/Probe Bus/EGSE
Power ON/QOFF
S-Band Power Amplifier PCU PCU/Probe Bus/EGSE
Power ON/OFF
THERMAL CONTROL To From
Window Heaters Power PCU PCU/Probe Bus/EGSE
- ON/OFEFE ' ' )
Mass Spectrometer Heater PCU PCU/Probe Bus/EGSE .
Power ON-HIGH S |
‘Mass Spectrometer Heater PCU PCU/Probe

Bus /EGSE



SMALL PROBE

TO FROM
SCIENCE
Temperature Gauge pCu PCU/Probe Bus/EGSE
Power ON
Pressure Gauge Power ON  PCU PCU/Probe Bus/EGSE
Nephelometer Power ON PCU FPCU/Probe Bus/EGSE
Accelerometer Power ON PCU PCU/Probe Bus/EGSK.
IR Flux Detector PCU PCU/Probe Bus/EGSE
Power ON '
All Science ON PCU PCU/Probe Bus/EGSE
All Science OFF PCU PCU/Prohe Bus/EGSE
DHC
Format A DTU PCU/Probe Bus/EGSE
Format B DTU PCU/Probe Bus/EGSE
Format D DTU PCU/Probe Bus/EGSE
DIIC Subsystem Power PCU PCU/Probe Bus/EGSE
ON/OFF
G -Switch Safe/Arm PCU PCU/Probe Bus/EGSE

Coast Timer Power

QON/OFF

Coast Timer Reset

Coast Timer Normal/

Accelerate

DTU Bit Rate Normal/

Accelerate

POWER

Pin Puller Safe/Arm

Pin Puller No.

Pin Puller No.
Initiate

Pin Puller No.

Pin Puller No.
Initiate

1 Initiate

1 Backup

2 Initiate
2 Backup

Battery Heater ON/OFF

Coast Timer

Coast Timer

Coast Timer

Descent Timer

ECU
PCU
PCU

PCU
PCU

PCU
bA-4

Probe Bus/EGSE

Probe Bus/EGSE
Probe Bus/EGSE

Probe Bus/EGSE

PCU/Probe Bus/EGSE
PCU/Probe Bus/EGSE
PCU/Probe Bus/EGSE

PCU/Probe Bus/EGSE
PCU/Probe Bus/EGSE

PCU/Probe Bus/EGSE



TO FROM

COMMUNICATIONS

Communication Subsystem PCU PCU/Probe Bus/EGSE
Power ON/OFF - :
S-Band Power Amplifier BCU PCU/Probe Bus/EGSE

Power ON/OFF

THERMAL CONTROL

Window Heaters Power PCU PCU/Prohe Bus/EGSE
ON/OFF
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APPENDIX 6B

SCIENCE INSTRUMENT TELEMETRY
SIGNAL CHARACTERISTICS

The science instrument telemetry signal characteristics are

summmarized in Tables 6B-1, 6B-2, 6B-3, and 6B -4,
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Table 6B3-1,

Science Instrument Telemetry Signal Characteristics Large Probe

I MENIMUM DATA ACQUISITION RATES (SAMPLES/SECOND) LOCATION 'EEL
l FO5T- ELECT,
OPERATING 8ITS/ | CALI- PRE- BLACK- | BLACK-| TERMINALY POST- ELEC- | PENE-
INSTRUMENT CHARACTERISTICS ALTITUDE SAMPLE| BRATION | ENTRY [ ENTRY ;¢ OUT QuT DESCENT [IMPACT | SENSOR | TROMICS]TRATIONS REMARKS
ACCELEROMETER FROM 4 X 107% Gl i INSIDE CALIBRATICGN BY TURN-
PRIMARY AXIAL T ANALOG CHANNEL | (141 KM) TO PRESSURE ON AND TRANSMISSION
{0-5VDC) SURFACE 10 11 g1 e 2,50 1A 1/20 &/1 SHELL AT SAME 5 FOR FEW MINUTES
BACKUP AXIAL 1 ARALOG CHANNEL : CENTER OF PRIOR TO RELEASE FROM
{0-5vDC) : 0 11 B - | 2.81 121 1420 - GRAVITY BUS. FIVE UMBILICAL
Y -LATERAL 1 ANALGG CHANNEL WIRES REQUIRED FOR
{0-5VDC) 0 171 - - 12,571 141 1/40 - PRELAUMCH CHECKQUT.
Z-LATERAL | ANALOG CHANNEL NO PENETRATIONS
(0-5VDC) 0 1/1 - - 2.,5/1 11 144D - OTHERWISE.
THERMISTOR 1 ANALOG CHARMNEL
0-5VDC 7 17140 - 1240 [ 17140 [ 12140 | /140 17149
TURBLUL EMCE | ANALOG CHANMNEL
(0-5vDC) 7 - . - - /7 1/10 -
TEMPERATURE FROM 70 KM SEE OUTSIDE INSIDE 4 (1) CALIBRATION BY
ATMOSPHERE | ANALOG CHANMNEL | TO SURFACE REMARKS DESCENT PRESS. TURN-OM AND
TEMPERATURE (0-5vDC) 10 n - . - - 1/8 () - CAPSULE SHELL TRANSMISSION FOR
THERMESTOR. 1 ANALOG CHANMEL FEW MINUTES PRIOR
(0-5vDCY 7 - - - - 147 (3} - TOSF.EL EASE FROM
' BUS,
; {2) 6 KMTO 42,9 KM
L {3) 42.9 KM TO SURFACE
PRESSURE FROM 70 KM SEE INSIGE SAME a (1) CALIBRATION BY
PRESSURE 1 ANALOG CHANMEL | TQ SURFACE REMARKS PRESSURE TURN-OM AND
{0-5vDC 10 a1} - - - - 178 (2) - SHELL TRANSMISSION FOR
THERMISTOR 1 ANALOG CHANMEL FEW MIMNUTES PRITR
{0-5v0C) 7 - - - - 1/7 (3} - TOSRELEASE FROM
. BUS.
l (2) 66 KM TO 42.9 KM
. (3) 42.9 KM TO SURFACE
CLOUD PARTICLE ) FROM 70 KM INSIDE SAME [} (1) 30 WORDS AT BBITS
SIZE ANALYZER 1 DIGITAL SERIAL TC SURFACE 240 (1) - - - - 1/8 (2) - PRESSURE : EACH. WORD AND
SCIENCE AND . 177 {3) SHELL BIT CLOCK 5YMNC
HOUSEKEEPING SIGNALS REQUIRED,
(2) 66 KM TO 42.9 KM
(3) 42,9 KM TO SURFACE
SOLAR FLUX FROM 70 KM 240 (1) | NONE 14300 | - INSIDE SAME [ TIMING PULSE (1 S) RE-
RADIOMETER 1 DIGITAL SERIAL TO SURFACE 72(2) | DEFINED - - - - 1/26 {2) - PRES SURE QUIRED; DATA READ-
SCIENCE AND SHELL QUT SYMNC PULSE RE-
HOUSEKEEPING QUIRED,
(1) 66 KM TC 42.9 KM
! (2) 42,9 KM TO SURFACE
HYGROMETER i FROM 70 KM NOME OUTSIDE INSIDE [] {1} TURM-OFF AT
HUMIDITY 'Y ANALOG CHANNEL | TO 42,9 KM DEFINED DESCEMT PRESS, 42,9 KM
i {0-5vOC) 1y 10 - - - - 1420 - CAPSULE SHELL
RAMNGE [T ANALDG CHANNEL
{0-5vDC) 1 - - - - 1/20 -
HOUSEKEEPING | 1 ANALQG CHANNEL
{0-5vDC) 10 - - - - 1/20 -
GAS CHROMATO- | DIGITAL SERIAL INSIDE SAME 0
GRAPH 2AMALOG CHANNEL | FROM 70 KM n - - - - - - PRESSURE
(0-5vDQ) TO SURFACE - - - . - 2/1 SHELL
WIND-ALTITUDE 4D KM TO OUTSIDE INSIDE H
RADAR SURFACE PRESSURE FRESS,
SCIENCE 1 DIGITAL SERIAL 35 - - - - YA VESSEL SHELL
VOLTAGE 1 ANALOG CHANMEL
{0-5VDC) ? - - - - -
TEMPERATLIRE % ANALOG CHANMNEL
(0-5vDC) 7 - - - - -
MASS SPECTROMETER | 1 DIGITAL SERIAL FROM 70 KM 8000 (1) - - - - EB (3 | - INSIDE SAME o (1} 10817 WORDS
TO SURFACE 1/140 (4) PRESSURE (2) WORD AND BIT RATE
SHELL TIMING SIGNALS
TBD,
(3) & KM TO 42,9 KM
(4) 42,9 KM TO SURFACE
PLANETARY FLUX FROM 70 KM NOMNE INSIDE SAME o] (1) TEMIMG PULSE (1 S)
RADICMETER 1 DIGITAL SERIAL (1) | TO SURFACE 100 DEFIMED - - - - a0y | - PRESSURE (2) 70 KM TO 42,9 KM
SCIENCE AND L1726 (3) SKELL (3} 42.9 KM TQ SURFACE
HOUSEKEEPING i

NOTE: HOUSEKEEPING REQUIREMENTS TBD.




Table 6B-2,

Engineering Measurement List

Large Probe

MEASUREME T DESCRIPTION TYPE RANGE ACCURACY EMIRY DESCEMT
2 i [{0)
ELECTRCAL POWER AND PYROTECHMICS
BATTERY TERMINAL VOLTAGE 24 0,32 ¥DC 2.0 1,400 17400
BATTERY INTERMAL TEMPLRATUIRE 2a 0,200 %F 3.0 1,400
BATIERY CURREMT A 0715 A 3.0 17400
POWER SWITCH MONITOR [SAFE ARM 28 OHM: OFF MeA 1,200
POWER SWITCH MORITOR 1POWER
TRANSFER) B ON; OFF MAA /M0
IR HEATER SWITCH B ON/OFF N7 1,200 1200
WINDOW HEATER SWITCH B ONyOFF NZA 1200 1200
BATIERY HEATER SWITCH B G- OFF NA 1,200 170
TEMPERATURE SRESSURE EXPERIMENT )
1 POWER B ON/OFF NA 17200 17200
| sOLAR FLux anb pLANETARY FLUX - 1
] € XPERME T POWER . B ON/OFF N/A /200 1,700
1 MASS SPECTROMETER EXPERIMENT POWER B ON OFF NsA 1/200 - 1/200
CLOUD PARTICIES SAZE EXPERIMENI ) : .. 1
POWIER s O, DFF trh, 106 1 200
WIND ALTITUDE RADAR EXPERBMENT . -
POWER . 8 ON-OFF ™A 1,200 17200
ACCELERCMETER EXPERIMENT POWER [y ON/OFF A 1200 1,700
{ Hvoromerer Exprmenst POWER 3 ON-OFF N8 200 1,20
4 AL CHAOMATOGRAPH E XPERIMENT 1
4 POWER 5 G, OFF H.A 17200 1, 200
|HATA HANGUING AND COMMATD SUBSYSTEM L
SEQUENCER STATUS - BIT-1 B . ] ONGFF . |NA 1,200 1. 200
SECQUENCEA STATUS - BIT2 B ON,OFF LT 1, 200 1. 200
SEQUENCER STATUS - BIT 3 8 CryOFF © [NA . 1,200 100
SEQUENCER STATUS - BIT ¢ [} QM0 [Mea 1/200 1.200
SEGILENCER STATUS - BIT 5 [ ON, OFF N oA 1,200 1740
SEQUENGER STATUS - BIT & ) e OFF N A 1, 200 1. 200
SEQUENCER STATUS - BIT 7 L3 UM OFF NA 1: 200 1200
3 SEQUENCER STATUS - BITS 8’ ONCOFF - [r A I 200 ]
REGULATED VOLIAGE -5 vDC A 4.7:5.390C 2.0 1400
REGULATED VOUTAGE +12 VO AT 11 13vpC” {2.0 1400
REGULATED VOLTAGE -12 VDC I -13,-11vDE |2.0 1 400
REGULATED VOLTAGE -16 YDC A -17.-15vDC 2.0 1400
A D CAUBRATION "EiTAGE (LQW A 0 250 mv 0.2 1 BO0
A/D CALISRATION VOLTAGE MEDs A CRUDLY 0.2 1-800°
& D CALIBRATIONVOLTAGE #1GH) A 553V j0.2 1800
SCID. ‘EXTENDED FRAME COUNTER 8 O, OFF NoA 1 400
COMMURICATIONS SUBSYSTEM
POWER AMPLIFER QUTPUT n’ 028w l2.0 1,400 1, 460
| POWER AMPLIFIER TEMPERATURE A -28 0% [5.0 1,400 1400
| POWER AMPLIFIER iMTERNAL TEMPERATURE  2A° -2 200% (3.0 1,460 1,400
CURRENT "PQOWER AMPLIFIER INPUT 24 o5 A 5.0 1,450 1 400
CRIVER POWER QUTPUT [ 0101w |20 1,400 1 400
AUXHLARY OSCRLATOR TEMPERATURE a | -z5TO -200% (3.0 1,400 1400
] emPERATURE, DRIVER OUTRUT STAGE A -25TO - 20°F|5.0 1,400 1,400
" RECEVER MODE TNDICATION B SEARCHAOCK| N & 1 200 1, 200
RECESVER $TATIC PHASE ERROR A ~30;-30° 4.0 1400 1, 400
RECEIVER AGT A -146/80.08m] 2.0 1 a0 P R0
VLD TEMPERATURE | [ <25 10 +2067F ] 3.0 1 400 17400
THERMAL CONTROL. HEAT SHIELD SUBSYSTEM
TEMPERATURE, AEROSHELL FORESODY [T I
HEAT SHIELD BACKFACE A -150/ 600 %F | 15 °F 1,400
TEMPERATURE, AERDSHELL AFTERBODY - ’
HEAT SHIELD BACKFACE A ~150,-800 °F | 15 9F $-200
PRESSURE, PROBE INTERION A .25 Psia | Towsia 1 400
TEMPERATURE, EQUIPMENT PLALFORM (1 A 0150 °F S3% 1. 400
TEMPERATURE, EOUIPMENT PLAFFORM (21 - & 0. 150 %F -3°%F 1,400
TEMPERATURE, INSULATION EXTERIOR <11 A -0 1000 °F |- 25 °F 1, 400
TEMPERATURE, INSULATION EXTERIOR 20 A -60:1000 °F | 25 °F 1.-400
TEMPERATURE, INSULATION EXTERIOR (31 A | .-60-1000% |- 25% 1,400
TEMPERATURE , PRESSURE SHELL T
UNTERIOR: 114 . A 07300 °F R 1, 400
TEMPERATURE | PRESSURE SHELL :
(IR TERIOR) (1) A o, 36 °F -4 %F 1 400
TEMPERATLRE, PRESSURE SHELL -
(INTERIOR} 131 A 0/ 300 °F -8 °F 1 400
TEMPERATURE, IRFR WINDOW LENS Iy 60,1000 % | -25°F 1,400
TEMPERATURE, IRFR WINDOW TUBE A 8071000 F | 25 F 14400

MNOTES:

{1} COLUMN ENTRY 15 MIMNIMUM SAMPLE RATE IM SAMPLES:SECOMD. MORE SAMPLES ARF
ACCERTABLE. EMTRY PHASE ENDS AT APPROXIMATELY 4120 KM, DESCENT PHASE IS

6120 TO 6050 KM,

{2} THE ACCURACY SPECIFIED 1S APPLICABLE TQ) THE PROBE GHLY (FROM THE EMVIROMMENT

OR PARAMETER BEING MONITORED TO THE A/D CONYERTER OUTPUT:.
AND PROCESSING ERROR CONTRIBUTIONS ARE NOT INCLUDED .
ENGINEERING UMITS ARE NOT INCLUDED, THE YALUE 15 GIVEN M -

SCALE.

ABBREVIATIONS: A - ANALOG, B - BILEVEL, D - DIGITAL

6B-3
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Table 6B-3.

Science Instrument Telemetry Signal Characteristics -
Small Probe

SAMPLES/SEC OMD tocation | FRESS
POST- . ELECT,
SIGNAL OPERATING | 8175/ | CALI- | PRE- BLACK- | BLACK- | TERMINAL | POST- ELEC- | PENE-
INSTRUMENT CHARACTERISTICS ALTITUDE  [SAMPLE| BRATION | ENTRY | eMMRY | QuT OUT | DESCENT tMPACT | SENSOR |TROMICS | TRATIONS REMARKS

ACCELEROMETER FROM 4 X 107% G INSIDE SAME 5

AXIAL ACCELER- {141 KM) TO PRESSURE
OMETER 1 ANALOG CHANNEL | SURFACE SHELL AT
(0-5vDC) 10 141 1A 11 1/} 1/20 141 CENTER OF
TURBULENCE | ANALOG CHANNEL GRAVITY
(0-5vDC) 7 . - - - . 1,341 -
THERMISTOR | ANALOG CHAMMEL
(0-5vDC) 7 17140 - 17140 | 1/140 1/140 1/140 1/140
TEMPERATURE FROM 70 KM 5/5 TBD OUTSIDE INSIDE 4 CALIBRATION BY TURN-
TEMPERATURE 1 ANALOG CHANNEL | TG SURFACE SEE PRESSURE PRESS. ON PRIQR TC: RELEASE
{0-5vDC) 0 REMARKS | - - - . 0.4/} - SHELL SHELL FROM BUS
THERMISTOR 1 ANALDG CHAMMEL
{0-5VDC} 7 - - - - 17140 -
PRESSURE FROM 70 KM S 5 TBD INSIDE SAME [ CALIBRATICN BY TURM-
PRESSURE | ANALOG CHAMNEL | TO SURFACE {SEE PRESSURE QM PRIOR TO RELEASE
(0-5vDC 10 REMARKS) - - - - 0.6/1 - SHELL FROM BUS
THERMISTOR | ANALOG CHANNEL
(0-5vDS) 7 - - - - 17140 -

NEPHELOMETER FROM 70 KM ENSIDE SAME [ (1) REQUIRES TIMING
SCIENCE 1 DIGITAL SERIAL | TO SURFacE 4 6D - - - 0.6/1 - PRESSLIRE SIGNAL, CHARAC-
CALIBRATION 1 DIGITAL SERIAL 10 - - - - 17900 - SHELL TERISTICS TBD

(2) SEREAL FORM IN-
TERPRETED
R FLUX DETECTOR | 1 ANALOG CHANMEL | FROM 70 Km INSIDE SAME 0
(0-5vDC} TO SURFACE 8 1/30 - PRESSURE
1 ANALOG CHANNEL SHELL
{0-5vDC) 8 - - - - 1440 -
| ANALCG CHAMNEL
(0-5vDC) 8 1740

NOTES: (1) REQUIREMENTS ARE BASED UPCGN SCIENCE VERSION IV, DATED 13,
(2) HOUSEKEEPING REQUIREMENTS TBD EXCEPT FOR MAGNETOMETER




Table 6B-4, Engineering Measurement List - Small Probe

MEASUREMENT DESCRIPTION TYPE RANGE ACCURACY ENTRY DESCENT
(3 (2} {2)
BATTERY FERMINAL VOLTAGE A 0/32 VDT 2.0 14800 1/600
BATTERY TEMPERATURE A 07200 °F 2,0 1/600
BATTERY CURREMNT A - 0/10 A 3.0 1/600
POWER SWITCH MONITOR {(POWER
TRANSFER) B ON/OFF MR 17600
POWER SWITCH MONITOR (SAFE/ARM) B ON/OFF N/A 17600
WHNDOW HEATER POWER B ON/CFF N/ 1/200 1/ 200
S-BAND AMPLIFHR FOWER B ON/OFF N/A 1/200 1/200
TEMPERATURE EXPERIMENT POWER B ON/OFF N/A 1/200 1/200
ACCELERCMETER EXPERIMENT POWER B QN/OFF N/A 17200 1/200
PRESSURE EXPERIMINT POWER B ON/OFF N/A /200 1/200
STABLE QSCILLATOR POWER 2 ON/OFF N/A 1/ 204 17200
NEPHELOMETER EXPERIMEMNT POWER B ON/OFF M/A 17200 1/200
TRANSMITTER DRIVER POWER 8 ON/OFF N/A 1/200 1/200
IR FLLUX DETECTOR EXPERIME NT POWER ] OMN/OFF N/A 1/200 /X0
DATA HANDLING AND COMMAND SUBSYSTEM
SEQUEMNCER STATUS - BIT | B ON/OFF N/A 1/600 1/600
SEQUENTER STATUS - BIT 2 ] CN/OFF N/A 1/800 1/600
SEQUENCER STATUS - BIT 3 B ONSOFF N/A 1/800 1/800
SEQU'EMNCER STATUS - BIT 4 B OMN/OFF M/A 1/600 1/600
SEGIJENGER STATUS - BIT § B CON/OFF M/A 17800 1/800
SEQUENCER STATUS - BIT & B ON/OFF NAA 1/800 1/800
SEQUENCER STATUS - BIT 7 2 | ON/OFF N/A 1/600 17600
SEQUENCER STATUS - BIT § [ ON/OFF MN/A 17800 17800
REGULATED VOLTAGE +5 VDC A 4.7/5.3voC | «0.2-vbC 1/600
REGULATED VOLTAGE +12 vOC A N3 vbe | 10.2vDC 14800
REGULATED VOLTAGE -12 ¥DC A -13/-1 VDC | +0.2 VDC 1/600
REGULATED VOLTAGE -16 VDC A -H-18vDC] D.2vee | 1/400
&/D CALIBRATION VOLTAGE {LOW} A 0/250 mv 10.2VDC 1/800
A/D CALIBRATION YOLTAGE (MEDJUM) A 2.2:26V LD.? vhC 1/800
A/D CALIBRATICN VOLTAGE (HIGH) A 4.55.5v  |10.2vDC 1/800
SCID EXTENDED FRAME COUNTER &8 ON/OFF N/A 17400
. COMMUMICATIONS SUBSYSTEM
POWER AMPLIFIER DUTPUT A oMW 2.0 17600 14400
POWER AMPLIFHR TEMPERATLIRE a -7 200°F (3.0 1/600 1,600
POWER AMPLIFIER INPUT CURRE NT A a5 A 5.0 1,600 17600
. TRANSMIETER DRIVER REFERE NCE
OSCILLATCOR TEMPERATURE A -25/200°F [ 3.0 1600 1/600
STABLE OSCILLATOR TEMPERS,TURE 24 -25/200°F 3.0 1600 17600
CUTPUT LEVEL A 01.5wW 2.0 17600 1/800
THERMAL CONTROL /HEAT SHIELD SUBSYSFEM
TEMPERATURE, FORFRODY He5 BACKFACE A 150,900 °F |25 %F 1/600
PRESSURE, PROBE HNTERIOR A 0:25 PSIA 1.0 PSIA 17600
TEMPERATURE, EQUIPMENT PLATFORM (1) A 0150 °F 3°F 1,/600
TEMPERATURE, EQUIPMENT PLATFORM (21 A 0:150 % +3°F 17600
TEMPERATURE, INSULATION'EXTERIOR (U A 401000 °F | 125 °F 1/600
TEMPERATURE, INSULATION EXTERIOR (22 A 60 1000 % [ 25 °F ), 00
TEMPERATURE, INSULATHON EXTERIGR (3 A -80 1000 % [ .25 °F 1/ 600
TEMPERATURE, PRESSURL SHELL INTERIOR (1), A 0.3 °F 16 °F 17600
TEMPERATURE, PRESSURE SHELL INTERIOR (21 A 0300 °F -6 °F ' 1,600
FEMPERATURE, PRESSURE SHELL INIERIOR {31 A 0,300 °F +6°F 1 800
. TEMPERATURE, MEPHELOMETER WINDOW
LENS . A ~60- 1000 °F | 125 °F b 400
TEMPERATURE, NEPHILOMETER WINDOW o .
TUBE A -50 1000 °F | .25 1, 400
MNOTES:
(1% THIS LIST IS FOR ONE PROBE; DATA REQUIREMENTS FOR THE THREE PROBES ARL

IDENFICAL.

12} COLUMM ENTRY 15 MINIMUM SAMPLE RATE BN SAMPLES -SECOND . MIORE SAMPLES ARE
ACCEPTABLE, ENTRY PHASE ENDS AT APPROXIMATELY 6120 KM, DESCEMT PHASE IS
G120 TO 6050 KM,

{3 THE ACCURACY SPECIFILD IS APPLICABLE 1O THE PROBE QNEY (FROM THE EHVIROMENT
OR PARAMETER BEING MONITORED TO THE A D CONVERIER QUTPUT).  GROUND
DECODER AMD FROCESSING ERROR COMTRIBUTIONS ARE MOT INCLUDED . 1M THOSE
ENFRIES WHERE ENGINEERING UNITS ARE NOT INCLUDED, THE VALUE 15 GIVEN IN
i PERCENT OF FULL SCALE.

ABSREVIATIONS: A& ANALOG, B BILEVEL, D DHGITAL
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APPENDIX 6C

MISSION PROFILE SUMMARY OF MAJOR EVENTS (TYPICAL)

Event - Reference Time Remarks
PRELAUNCH
(F-11 TO F-0 DAYS)
Spacecraft weighing and ¥F-15 days
mating to third stage ,
Spacecraft - third stage F-12
mated to launch vehicle
Vehicle all systems test F-5
Spacecraft final composite F-0 F-0 is launch day.
readiness test
LIFTOFF TO CRUISE : Refer to Table 6C-2 for
_ detailed sequence.
Liftoff .~ L-0
Precess to cruise attitude ’ IL+1 hr
CRUIS_E TO PRESEPARATION Refer to Table 6C.3 for
CHECKOUT detailed sequence.
First midcourse maneuver L+5 days

Second midcourse maneuver L+15 days

Third midcourse maneuver E-30 days E is entry time of large
' probe
PRESEPARATION CHECKOUT KE-29 days Refer to Table 6C-4 for
(4 PROBES) detailed seguence.

NOTE: Probes are released every four days, starting with large probe
release at E-25 days. The following overview gives the large probe
major sequences from preseparation to impact, and then summa-
rizes the small probe sequences for the corresponding period.
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LARGE PROBE

Event Reference Time Remarks
PRESEPARATION CALIBRA- .- Refer to Table 6C-5 for
TION AND SEPARATION detailed sequence.

Preseparation Power On S-5 min

Preseparation Power Off S-1 min Sequence calibration

data acquired.,

Release Large Probe S=0, E-25 days

BUS RETARGET MANEUVER E-23 days Reference; not probe
sequence.

SEPARATION TO POST Refer to Table 6C-6 for
IMPACT detailed sequence.

IR Reference Heater On E-2 days '

Science On E-10 min ) Power On.

Entry Point E=0 Reference only,

. H = 250 km.

Sense 50-g Increasing T=0

Mortar Fire . TH+21 s Deploys parachute

Forebody Aeroshell Release T+26 s

Afterbody/Parachute T+39 min, 42 s Releases descent

Release _ - capsule,

Impact T+73 min, 12s
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SMALL PROBES

Event

Reference Time

Remarks

PRESEPARATION CALIBRA -
TION AND SEPARATION

Preseparation Power On

Preseparation Power Off
Release Small Probe-1

(Same sequence for SP-2, SP-3)

Bus Retarget Maneuver

Release Small Probe-2

Bus Retarget Maneuver

Release Small Probe-3 .

Bus Retarget Maneuver

SEPARATION TO POST
IMPACT ‘

Stable Oscillator-
Power On

Entry
50-g Increasing

Impact

S5,-5 min
i

S.-4 min
i

Sizo, E-21 days

E-19 days

E-17 days
E-15 days

E-13 days
E-11 days

Ei-60 min

Ti+6 5 min

Refer to Table 6C-7 for
detailed sequences,

Typical for all Small
Probes,

Reference; not probe
sequence.

Reference; not probe
sequence,

Reference; not probe
sequence,

Refer to Table 6C-8 for
detailed sequence,

Ei = entry time for 3
small probes.

Reference only.
H = 250 km,

Typical all Small
Probes,.

Typical all Small
Probes,
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DETAILED SEQUENCES

Table 6C-1. Prelaunch (F-11 to F-0 Days)

EVENT
NQ,  EVENT DATE/TIME REMARK S

PRELAUMCH SEQUEMNCE |5 PRESENTED FOR
INFORMATION QMNLY; APPROXIMATE TIMES.

101 SPACECRAFT TQ SPIN FACILITY F-11 DAYS HAZARDQUS SYSTEMS PREPARATICN.
MAY BE SCHEDULED EARLIER,

102 SPACECRAFT WEIGHING AND MATING TO F-10

THIRD STAGE.
103 SPIN BALANCE SPACECRAFT - THIRD STAGE F=¢
104 SPACESRAFT ~ THIRD S5TAGE |N TRANSPORT F-8
CANMISTER
105 SPACECRAFT - THIRD STAGE MATED TO LAUNCH
VEHICLE F-7
106 SPACECRAFT INTEGRATED SYSTEMS TEST F-4 VERIFY SPACECRAFT AND EXPERIMENTS. SAME AS
AN IMFLIGHT PRESEPARATION CHECKOUT.
W07 VEHICLE ALL SYSTEMS TEST F-5 COMPLETE ELECTRICAL CHECK FOLLOWED BY
SIMULATED LAUNCH. SPACECRAFT RF AND
COMMAND SYSTEMS RADIATING, CRITICAL
SWITCHING FUNCTIONS EXERCISES DATA
MONITORED FOR EMI AMNALYSIS,
108 LAUNCH COMPLEX READINESS TEST F-4
109 VEHICLE ORDNANCE INSTALLATION F-3
10 VEHICLE - SPACECRAFT INTEGRATED SYSTEMS Fu2

TEST, FINAL ASSEMBLY OF SPACECRAFT CON-
FIGURATION STARTED.

111 SPACECRAFT ELECTRICAL CHECK, DRDNANCE £ : SPACECRAFT ELECTRICAL CHECK SAME AS AN
INSTALLATION, AN IN FINAL PHYSICAL INFLIG HT CRUISE CHECKOUT
CONFIGURATION PRICR TO FAIRING IN- .

STALLATION. _

112 LAUMCH DAY, SPACECRAFT FINAL COMPOSITE | - F-0 450 TO 295 MIN FRIOR TO LIFTOFF,
READINESS TEST.

113 ORDNANCE HOOKUP F-0 325 TO 175 MIN PRICR TO LIFTOFF,

4 TOWER REMQYAL F-0 175 TO 55 MIN PRICR TO LIFTOFF,

Table 6C-2. Liftoff to Cruise

EVLMT
NG.  EVENT TIME REMARK S
APPROXIMATE SEQUENCE; FOR INFORMATION ONLY
00 LIFTOFF Lo TWO-INCH MOTION
07 ROLL PROGRAM IMITIATION Lizs
03 BOOSTER ENGINE CUTOFF L1153 5
204 BOOSTER PACKAGE JETTISQON L1565
205 JETTISQN INSULATIQON PARELS L+201 5
06 SUSTAINER ENGINE CUTQFF Le2st S PROPELLANT DEPLETIGN
207 ATLAS/CEMTALR SEPARATION L+253%
208 MES | ' L1263 5
209 JETTISON NOSE FAIRING L1275 5
210 MECO L586 PARKING CORBET
2 MECQ 2 ' L+25 MIN
212 PRECESS TO CRUISE ATTITUDE L+l HR
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Table 6C-3.

Cruise to Preseparation Checkout

EVENT . .
NO.  EVENT REFEREMCE TIME REMARKS
MO LOW-LEVEL PROBE TELEMETRY 1S ACQUIRED IN
THIS MISSION PHASE, CAPABILITY SHELL EXIST TO
ACQUIRE PROBE DATA USING PRESEPARATION
CHECKOUT SEQUENCE BY GROUND COMMAND
240 F{RST MIDCOLRSE MANEUVER L15 DAYS,
TRIM ATTITUDE
PRECESSION
AV AND DELAYS
PRECESSION
241 SECOND MIDCOURSE MAMEUVER Li15 DAYS
TRitA ATTITUDE
PRECESS
A/
TRiM A7
RETURN PRECESSION
247 THIRD MIDCOURSE MANEUVER E-30 DAYS E- 015 ENTRY TIME OF LARGE PROBE
TRIM ATTITUDE
TW/O HOUR PREPARATION }
PRECESS
B/ AND DELAY
TRiM 47
RETURN FRECESSION
Table 6C-4, Preseparation Checkout (4 Probhes)
EVENT
NG,  EVENT TIME REMARKS
250 LOAD COMMAND WORDS FOR LARGE PROBE C -2205 DS UPLINK; CHECKOUT STARTS 29 DAYS PRIOR
/O INTO BUS STORAGE 2 MINIMUM) TC ENTRY,
25 APPLY BUS POWER 1O LARGE PROBE L=t DSN UPLIMNK
DTU O (FORMAT A} cC=0 PROBE PCU (NTERNAL
TRANSDUCERS ON °
START DESCEMT TIMER -
SCIEMCE INSTRUMENTS OFF
252 BEGIN LOADIMNG iNITIALIZATION COMMANDS
INTO PCU € <2 SEC FROM BUS
ACCELERATE DTU BIT RATE TQ 512 BPS ]
INHIBIT PYRC ARM '
JNHIBIT MASS SPEC TROMETER HEATER
IMHIBIT WINDOW HEATERS .
IMHIBIT TRANSMITTER AND RECEIVER ON
INHIBIT CLOUD PARTICLE SIZE ANALY ZER LIMITS POWER REGUIRED FROM BUS
INHIBIT WIND ALTITUDE RADAR
SCIENCE POWER ON
ACTIVATE PCU INITIALIZATION COMMAMDS C «185 PROBE PCU INTERNAL (UPON SENSING 16TH
@ COMMAND BIT)
253 APPLY SIMULATED 50-G SIGMNAL C +345 FROM BUS;SEQUENCE FROM E-10 MIN 1S
° CHECKED GUT USING ACCELERATED DESCENT
SEQUENCE.
254 MASS SPECTROMETER OFF; CLOUD PARTICLE C +2 MIN 40.6 5 DSN LPLINK
AMALYZER O @
254,10  ALL SCIENCE OFF
WIND DRIFT RADAR ON 40.C
254.2  ALL SCIENCE OFF
255 POWER TRANSFER TQ PROBE |NTERNAL C AT MINAS DSM UPLINK
BATTERY @
256 DISCONNECT BUS POWER C 7 MIN &S FROM 8US
257 PROBE TRANSMITTER AND RECEIVER OGN CTMNES FROM 3US
258 PROBE TRANSMITTER DFF C MBS FROM BUS
PROBE OFF € BMINSS
259 PROBE TRAMSMITTER AND PROBE OFF BACKUFP C,+BMIN 204 DSM UPLINK




Table 6C-4. Preseparation Checkout (4 Probes} {Continued)

VEM
Ron T BVENT TIME REMARK S
260 LOAD COMMANG WORDS FOR SMALL PROSE C -220% DSN UPLINK:
1070 INTO BUS STORAGE U IMIN UA) €= C,MIMIN
361 APPLY BUS POWER TO PROBE €, DSM UPLINK
DTU ON (FORMAT A) PROBE PCU INTERNAL
TRANSDUCERS GN
START DESCENT TIMER
SCLENCE INSTRUMENTS OFF
252 BEGIN LOADING INITIALIZATION COMMANDS €125 FROM BUS
INTO PCL:
ACCELERATE DTU BIT RATE TO 512 BPS
INHIBIT PYRD ARM
{NHIBIT WINDOW HEATER
INHIBIT TRANSMITTER ON
SCIENCE POWER ON
ACTIVATE PCU INITIALIZATION COMMANDS € M85 PROGE P%UDI:;ERNAL {UPON SENSING 16TH
263 APPLY SIMULATED 50-G SIGNAL € 345 FROM BUS; SEQUENCE FROM E-5 MIN IS CHECKED
OUT USING ACCELERATED DESCENT SEQUENCE.
264 POWER TRANSFER TO PROBE INTERNAL BATTERY €, 42 MIN D5N UPLINK
25  DISCONNECT BUS POWER CHZMIN2S FROM BUS
246 PROBE TRAMSMITTER ON C,HZMIN 1SS FROM BUS
267 PROBE TRANSMITTER QFF C«IMIN14S FROM
PROBE QFF ) ! QM BUS
268 PROBE TRANSMITTER AND PROBE OFF - BACKUP C,-EMIN 30§ DSN UPLINK
SMALL PROBES -2 AND -3 ARE CHECKED OUT IN SAME SEQUENCE AS FOR SMALL PROBE -
SMALUPROSE -3 ENDS AT APPROXIMATELY €+ 33 MINUTES. OBE -1. CHECKOUT ON

Table 6C-5. Preseparation Calibration and Separation - Large Probe

EVENT TIME
NO. EVENT {HOURS:MINUTES: SECONDS) REMARK §
70 PRESEPARATION POWER ON 3 - 00:95:00 BUS POWER
271 PQWER ON: 5 - 00:05.00
DTU ON (FORMAT A) .
ACCELEROMETER ON
TEMPERATURE SENSING SYSTEM ON
PRESSURE SEMSING SYSTEM ON
272 DTU TO FORMAT D] 5 - 00:04:00 3 MINUTES OF SCIENMCE CALIBRATION DATA
73 POWER QFF: § - 00:0}:00
PRESSURE SENSING SYSTEM OFF
TEMPERATURE SEMNSING SYSTEM CFF
ACCELEROMETER OFF
274 DTU POWER OFF S - 00:01:00
275 PRESEFPARATION POWER QFF 5 - 00:01:00
274 CISCOMMNECT LARGE PROBE UMBILICAL 5 - D0:00:15
n RELEASE LARGE PROBE $=0 LARGE PROBE RELEASED AT ENTRY MINUS 25 DAYS,
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Table 6C-6. Separation to Post Impact: Large Probe

EVENT TIME
NGO, EVENT (HOURS:MINUTES:SECONDS} REMARK S
3 SEPARATION 5=0 ENTRY MINUS 25 DAYS
307 (R REFERENCE HEATER OGN E-20AYS TIMED EVENT WITH 25 - DAY COAST TIMER.
HEATER ON FOA DURATION OF MISSION
303 BATTERY HEATER ON € - 2:45.00 )
34 POWER ON ENGINEERING SUBSYSTEMS: € - 00:45:00 TIMED EVENT BY 25 - DAY CQIAST TIMER FOR
TRAMSMITTER DRIVER ON DSN ACGUISITION.
POWER AMPLIFIER ON
RECEIVER ON .
DTU ON [FORMAT A}
TRAMSDUC ERS ON
INITIALIZE DESCENT TIMER
BATFERY HEATER OFF
305  POWER OFF ENGINEERING SUBSYSTEMS; E - 00:35:00
TRANSMITTER DRIVER OFF
POWER AMPLIFIER OFF
RECEIVER GFF
DTU OFF
TRANSDUCERS OFF
06 SCIENCE POWER ON E - 00:10:00 TIMED EVENT BY CESCENT TIMER, ACQUIRE AND
DTL ON (FORMAT A) STORE ACCELEROMETER AND ENGINEER ING DATA
TRAMNSDUCERS ON AT 128 BPS.
A0 ENTRY POINT E=0 FOR REFERENCE OMLY
H - 250 KM ABOVE MSL
401 4% 107 G-POINT E 1 00;00:07 FOR REFERENCE QMLY
H= 140 KM ABCVE MSL.
402 START BLACK-QUT (APFROXIMATE) E + 00:00:21 REFERENCE ONLY
403 SENSE 50-G INCREASING £ +00,00:25, T= 0 H = 92 KM ABOVE MSL
RESET BESCENT TIMER T=1 TAIGGERED BY REDUNDANT G-3WITCHES
405 BACKLP POWER ON T=0 TRIGGERED BY REDUNDANT G-SWITCHES
406 DTUTO FORMAT 3 =0 DATA STORED -
407 WINDOW MEATER - POWER OM 1-9
080 PEAK G'S T + 00:00:02 REFEREMCE OMLY,
- H= B1 KM ABOVE MSL.
0%  DATA ACQUISITION RATE SWITCHED T+ 00:00:06 END BLACKOUT, (APPROXIMATE)
TO &4 895
PYROS ARM
410 TRANSMITTER GRIVER ON T+ 00:00:10 TRAMSMITTER WARMUP - CONTINUE DATA STORAGE
POWER AMPLIFIER ON
RECEIVER ON
41 MORFAR FIRE ' T+ 00:00:21 DEPLOYS PARACHUTE. TIMED EVENT TO QCCUR AT
M- 0.78. Q - 35 PSF.
500  AEROSHELL FOREBODY JETTISON T+ 00:00:28 RELEASES AFROSHELL, ALLOWS 5 SECONDS FOR
STABILIZATION. H - 70 KM,
501 DTU TO FORMAT 0|, DATA ACQUISITION F + 00:00:26 ALL SCIEMCE GATA ACQUIRED ANG TRANSMITTED R/T,
RATE 128 BPS
502 MASS SPECTROMETER INLET CAP EJECTION T +00:00:11 PYRO EVENT.
503 NEUTRAL MASS SPECTROMETER HEATER ON-LQW T +00:00:1
504  MAS5 SPECTROMETER - OPEN TUBE | T + 00:01:01 30§ AFTER (NLET CAP EJECTION
505 FIRST GC SAMPLE INJECT T + 00:02:46
506 MASS SPECTROMETER - CLOSE TUBE | T +00:12:21 11:20 MIN BETWEEN OPEN AND CLOS:
507 FIRST GC SAMPLE CLOSE T+ 00:12:46
508 MASS SPECTROMETER - OPEM TUBE 2 T +00:13:01 12 MIN BETWEEN TUBE CPENINGS
509 SECOND GC SAMPLE INJECT T + 00,22:46
510 MASS SPECTROMETER - CLOSE TUBE 2 T+ 00:24:21 11:20 MIM BETWEEN OPEN AND CLOSE
SN MASS SPECTROMETER - OPEN TUBE 3 T + 00:25:01 12 MIN BETWEEN TUBE GPENINGS
512 SECOMD GC SAMPLE CLOSE T + 00;32:46
513 MASS SPECTROMETER ~ CLOSE TURE 3 T+ 00:36:21 11:20 MIM BEFWEEN OFEN AND GLOSE
514 MASS SPECTROMETER - OPEN TUBE 4 T +00:37:01 12 MIt BETWEEN TUBE OPENINGS
515 AFTERBODY/PARACHUTE RELEASE T +00:39:42 H= 42,9 KM
516 MEUTRAL MASS SPECTROMETER HEATER ON-HIGH T + 00.39:42
517 DTJ TO FORMAT D T+ 00:39:42 STORED AMD &/T DATA TRAMSMITTED,
2 TIMED EVENT OCCURS AT H = 42,9 KM.
SIE WIND ALTITUDE RADAR ON b+ 00:39:42
519 HYGROMETER POWER OFF T+ 00:39:42
;
520 THIRD GC SAMPLE IN SECT T+ 00:AZ:44
521 MASS SPECTROMETER - CLOSE TUBE 4 11 00:48:21 11:20 MIM BETWEEN OPEN AND CLOSE
522 MASS SPECTROMETER - QPEN TUBE 5 T+ 00:49:01 12 MEN BETWEEN YUBE OPENINGS
523 THIRD GC SAMPLE CLOSE T+ 00:52:44
524 MASS SPECTROMETER - CLOSE TUBE 5 T+ 00:60:21 11:20 MIN BETWEEN OPEM AND CLOSE
525 MASS SPECTROMETER - OPEN TUBE & T+ 0:51:01 12 MIN BETWEEN TUBE OPENINGS
526 IMPACT T 007302
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Table 6C-7. Preseparation Calibration and Separation - Small Probe(s)

EVENT TEME
NO. EVENT (HOURS: MINUTES: SECONDS) REMARKS
650  PRESEPARATION POWER ON 5 - 00:05:00 BUS POWER; 5; = 015 $P-1 RELEASE TIME,
‘ IDENTICAL SEGUENCES USED FOR 592, SP-3.
451 POWER ON: §, - 00:05:00
ALL SCIENCE ON
DTU ON (FORMAT A)
552 DTUTO FORMAT B 5, - 00:04:00 3 MINUTES OF SCIENCE CALIBRATION DATA.
452 POWER OFF: 5, - 00:01:00
ALL SCIENCE OFF (CALIBRATION DATA
COMPLETED}
65t OTU POWER OFF s, - 00:01:00
655  PRESEPARATION POWER OFF $, = 00:01:00
65  DISCOMNECT SMALL PROBE UMBILICAL 5, - 00:00:15
Table 6C-8. Separation to Post Impact: Small Probes
EVENT TIME
. EVENT (HOURS:MINUTES SECONDS) | REMARKS
g0l SEPARATION 5=0 SMALL PROBES RELEASED AT E - 21 DAYS, E - 17 DAYS,
E - 13 DAYS, E IS ENTRY TIME (H = 250 KM ABOVE MSL)
802  BATTERY HEATER ON €, -4:40:00 (571)
E2-5:W:00 (SP2)
E=4:40:00 (5F3}
803 STABLE OSCILLATOR-POWER DN E,-2:40:00 (S71) WARM-LP AND STABILIZE OSCILLATOR
POWER OM ENG INEERING SUBSYSTEMS: £ -3,0000 {82} ALL DATA TRANSMITTED. DSN ACQUISITION,
TRANSMITTER DRIVER ON . Eyr3:00:
POWER AMPLIFIER ON E5-2:40:00 {SF3)
DTU ON, FORMAT A
TRANSDUCERS, OM
INITIALIZE DESCENT TIMER
BATTERY HEATER OFF
804 POWER OFF EMGINEERING SUBSYSTEMS: E, ~2:30:00 (SP1)
TRAMSMITTER DRIVER OFF .
POWER AMPLIFIER OFF €)-2:50:00 (372)
OTU OFF £,-2:30:00 (5P3)
TRANSDUCERS OFF
805  BATTERY HEATER ON £,-1:00:00 (SP1)
: E-1:20:00 (592}
E,-1:00:00 (SP3)
6 DIUON FORMAT A) E,-00:10:00 5P1) ACCELEROMETER DATA TO STORAGE,
TRANSDUCERS ON
ALL SCIENCE ON E;-00: 30:00 (5F2)
BATTERY HEATER OFF £,~00:10:00 (5¢3)
900 ENTRY £E=0 REFERENCE QNLY
H = 250 KM ALTITUDE AROVE MSL
o 4x 10~ G DECELERATION E 4 00:00:11 (60°%,] | REFEREMCE ONLY
E + 00:00:24 {25° ¥}
02 START BLACK-DUT (APPROXIMATE) E+ 0D:00:14 (60°F,) | REFERENCE ONLY
£+ 00:00:31 (25°7)
903 SENSE 50 G INCREASING T=0
E + 00:00:14 (80°¥) :
E + 00:00:34 (25°¥)
904  RESET DESCENT TIMER T=0
05  BACK-UP POWER ON T=0
906 PIN PULLER ARMING T=0
207 WINDOW HEATER - POWER ON 1=0
908 PEAK G'S .
T+ 00:00:02 (60° ¥;) | REFERENCE ONLY
: 1 o0g @5 %)
909 END BLACKOQUT (APFROX 00:
(APPROKIMATE) T+ 00005 (50° ¥g) | REFERENCE ONLY
T + 00:00:07
£+ ool 25 7P
S0 TRAMSMITTER DRIVER ON T + 00:00:09
TR AEAITIER DRIVER TRANSMITTER WARMUP, CONTINUE DATA STORAGE.
911 DEPLOY SCIENCE, SCIENCE COVERS T +00:00:16 ALL DATA ACQUIRED AND TRANSMITTED REAL TIME
OTU TO FORMAT B ALTITUDE: 71.4 KM [25% ;) 66 Kh (60° 75) )
P12 IMPACT T + 00:65:00
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APPENDIX 6D
DETAILED WEIGHT BREAKDOWN
OPTIONAL ATLAS/CENTAUR ORBITER,
VERSION IV SCIENCE PAY LOAD

Despun Reflector, Option 1

[ —
DESCRIPTION : REQUIRED | kg o
ELECTRICAL POWER 4.5
SOLAR ARRAY (INCLUDING SUBSTRATE) 6 PANELS [ 15.10
BATTERY (16-15 A-HR NI-CD CELLS) 1 13.06
L POWER CONTROL UNIT ' 6.35
CTRF 1 7.67
INVERTER 1 2.31
COMMUNIC ATIONS 12.7
CONSCAN PROCESSOR 1 0.36
RECEIVERS 2 2.36
POWER AMPLIFIER 4 1.09
TRANSMITTER DRIVERS 2 1.09
HYBRIDS 5 0.23
DIPLEXERS 2 1.95
SWITCHES 5 1.36
FORWARD OMMNI ANTENMA i 0.14
H AFT OMNI ANTENNA ! 0.23
FANSCAN ANTENNA 1 0.45
H HIGH-GAIN ANTENNA ASSEMBLY - | 2.4
RF CABLE AND CONNECTORS AS REQUIRED|  1.36
HELECTRICAL DISTRIBUTION 15.8
COMMAND DISTRIBUTION UNIT 1 4.45
H HARNESS AND CONNECTORS AS REQUIRED| 11,34
DATA HANDLING 18.4
DIGITAL TELEMETRY UNIT 1 3.08
DATA STORAGE UNIT 3 14.52
- DIGITAL DECODER UNIT 2 0.77
ATTITUDE CONTROL 12.8
CONTROL ELECTRONICS ASSEMBLY 1 2.31
SUN SENSOR ASSEMBLY 2 0.41
DESPIN CONTROL ASSEMBLY 2 3.63
DESPIN DRIVE ASSEMBLY i 6.49 14,3
PROPULSION
THRUSTERS 8
PROPELLANT TANK 3
FILYER 1
PRESSURE TRANSDUCER 1
FILL AND DRAIN VALVE 1
LINE/HEATER AND MISCELLANEOUS AS REQUIRED
ORBIT INSERTION MOTOR (OIM) (BURNOUT) 1
R
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Despun Reflector,

Option 1 (Continued)

& AlC IV

6D-2

M i
DESCRIPTION REGU IReD (Kg)HGHT (LB) I
THERMAL CONTROL 15.0 33.0
INSULATION AS REQUIRED 8.12 17.9
FORWARD CLOSURE 1 1.32 2.9
AFT CLOSURE 1 0.54 1.2
LOUVERS 55Q FT 2.95 6.5
THERMAL FIN — TRANSMITTER A5 REQUIRED 0.68 1.5
HEATERS, ISQLATORS, PAINT, ETC, AS REQUIRED 1.36 3.0
STRUCTURE 72.0 158.8
CENTRAL CYLINDER ASSEMBLY 22,77 50,2
UPPER RING [ (6.4)
CYLINDER ! {6.6)
PLATFORM RING 2 (3.4)
LOWER FRUSTLUM 1 {11.2)
SEPARATION RING 1 (14.6)
QM MOUNTING RING ] (6.5)
ATTACH HARDWARE AS REQUIRED {1.5}
PLATFORM/COMPARTMENT ASSEMBLY 27.03 59.6
UPPER $TRUTS 15 (5.7
PLATFORM STRUTS g {3.7)
VERTICALS 9 {4.0)
UPPER RING ASSEMBLY | {5.6)
PLATFCRM STRUT FITTINGS 9 {1.8)
PLATFORM ASSEMBLY 1 (34.8)
BRACKET AND ATTACH HARDWARE AS REQUIRED (4.2)
SOLAR ARRAY SUPPORT ASSEMBLY 5.81
UPPER RING 1
LOWER RING ]
STRUTS 18
ANTENNA SUPPORT ASSEMBLY 1 1.32
MAGNETOMETER BOOM ASSEMBLY 1 4.22
PROPULSION SUPPORT AS REQUIRED 2.27
DAMPER 1 2.72
FORWARD OMNE SUPPORT 1 0.23
AFT OMNI SUPPORT i 0.23
SCIENCE SUPPORT BRACKETRY AS REQUIRED 1.36
EGUIPMENT TIEDOWN AND INTEGRATED HARDW ARE AS REQUIRED 4.08
BALANCE WEIGHT PROVISION 5.4
o SPACECRAFT LESS SCIENCE 223.1
R



rg_\ A/C IV

Despun Reflector, Option 1 (Continued)

—
NUMBER WEIGHT
' DESCRIPTION REQUIRED |  (KG) (LB)
SCIENTIFIC INSTRUMENTS 45.41 100,1
MAGNETOMETER 1 4.04 8.9
ELECTRON TEMPERATURE PROBE i 1.5¢ 3.5
MNEUTRAL MASS SPECTROMETER i 5,26 13.8
1OM MASS SPECTROMETER ; 1.68 3.7
UV SPECTRCMETER 1 6.26 13.8
SOLAR WIND ANALY ZER 1 5.76 12,7
IR RADIOMETER 1 6.26 13.8
X-BAND OCCULTATION | 3.13 4.9
RF ALTIMETER 1 10.43 23.0
o SPACECRAFT {DRY) 268.5 592.0
PROPELLANTS AND PRESSURANT 162.6 358.4
INSERTION PRGPELLANT AND EXPENDED [NERTS 144 .47 318.5
HYDRAZINE PROPELLANT 16.33 36.0
NITROGEMN PRESSURANT 1.77 3.9
¢ SPACECRAFT LESS CONTINGENCY 431.1 $50.4
CONTINGENCY (NET ALLOWABLE)} 76.9 169.6
¢ GROSS SPACECRAFT AFTER SEPARATION 508.0 1120.0
e -
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APPENDIX 6E

MASS PROPERTIES PRELIMINARY CONTINGENCY ANALYSIS

t. SUMMARY

Preliminary investigations were conducted to assess the magnitude
of the overall weight contingency requirements for the probe bus, the
orbiter, and the probes. The following briefly summarizes the overall

contingency factors resulting from the analyses.

Item Estimated Table
Contingency Factor Reference
Thor/Delta Configuration
Probe bus 10, 6% of dry bus weight 6E-2
Orbiter : 10. 2% of dry weight bE-2
Probes 12. 4% of total probe weight bE-4
Atlas/Centaur C onfigurations
Probe bus 13. 7% of dry bus weight 6E-5
Orbiter 13, 2% of dry weight 6E-5
Probes 16. 5% of total probe weight 6E-5

2, ESTIMATING METHODOLOGY

For the Thor/Delta probe bus and orbiter configurations, the esti-~
mated contingency factors were based on an average of three estimating
methods., The methods and the values used in the analyses are summar-
ized in Table 6E-1. Results of the three approaches are summarized

in Table 6E-2.

Since method 1 closely approximated the average value of the three
methods, this method was used to estimate the Thor/Delta probe contin-
gency. Values usedin the analyses and the results are tabulated in

Tables 6E-~3 and 6E-4, respectively.

6E-1



Table 6E-1, Weight Contingency Estimation Methodology,
Probe Bus and Orbiter Spacecraft,
Version III Science Payload

METHOD . BASED ON APPLYING SUBSYSTEM LEVEL CONTINGEMCY FACTORS AS DERIVED
FROM A PRIOR| TRW-DEVELOQPED SPACECRAFT DATA,

COMTINGEMNCY FACTOR
{%)

SUBSY STEM
ELECTRICAL FOWER 5
COMMUNICATIONS, ELECTRONICS 25
COMMUNICATIONS, ANTENNAS 15
ELECTRICAL DISTRIBUTION . 16
DATA HANDLING 5
ATTITUDE CONTROL )5
PROPULSION (DRY) 2
THERMAL CONTROL 25
STRUCTURE ) : . 8
EXPERIMEMTS 10

METHOD 1. APPLYING UNIT LEVEL CONTINGENCY FACTORS BASED OM THE DEVELOPMENT
STATUS OF THE LINITS AS SHOWN IN VOLUME 11, SECTION 4,

CQDE CONTINGENCY FACTOR
STATUS OF UNITS (REFERENCE) (%) .
EXISTING 1 2
MINIMUM MODIFIED EXISTING 2 5
MODERATELY MODIFIED EXISTING 3 g
NEW 4 15
EXPERIMEMTS 3/4 1.5

METHOD 111, BASED OMN R55 METHOD OF ELEMENTS WITHIN EACH SUBSYSTEM LEVEL,

FACTORS (%)

STRUC TURAL ELEMENTS 18
THERMAL CONTROL ELEMENTS 18
PROPULSION HARDWARE ELEMEMNTS 18
ELECTRONICS

OTO 4.6 KG (0 TO 10 LB) ITEMS 30

4.9 70 13.6 KG {11 TC 30 LB) ITEMS 20

OVER 14.1 KG (31 LB) ITEMS t5
HARMNESS/C ONNECTORS |25
EXPERIMENTS 30

For the Atlas/Centaur probe bus and orbiter configurations, the
same approach was used as in the Thor/Delta analysis, However, since
the Atlas/Centaur configurations have not been investigated to the same
level of detail as the Thor/Delta configurations, an additional uncertainty
factor of 33 percent was applied to the resulting contingency values. Results

of this analysis are presented in Table 6E-5,

As for the Atlas/Centaur probes, the same rationale was assumed.
Thus the contingency factor estimated for the Thor/Delta probes was

increased 33 percent, that is, from 12. 4 percent to 16. 5 percent,

6E~2



Table 6 -2, Weight Contingency Estimate, Thor/Delta
Probe Bus and Orbiter Spacecraft,
Versgion III Science Payload

CONTIMGENCY ESTIMATE [KG (LB)]

WEIGHT
DESCRIPTION g
IkG (e METHOD | METHOD | METHOD Il AVERAGE
PROBE BUS, DRY
ELECTRICAL POWER 01 @A) | 0oy 2.2 2.9 (8 1.99 (4.4 168 3.7)
COMMUNICATIONS B.O3 (17.7) 1.86 (4.1} 0.3 {0.8) 0.68 (1.5 0.95 (2.1)
ELEC TRICAL DISTRIBUTION .06 BeE) | 2.00 (4.8 1.5 [@.4) 230 (57 2.09 {4.6)
DATA HANDLING .85 (8.5) | 0.8 (0.4 0.09 ©.20 6.5 @.1) 0.4 {0.9)
ATHTUDE CONTROL 245 (5.4) | 0.36 (0.8) 0.4 0.3 0.5 (1.3 0.36 (0.8}
PROPULSION (DRY) 5.7 (2.5 | 0.4 .3 0.36 0.8) 06,32 ©.7) 027 (0.8}
THERMAL CONTROL 9.75 21.5) | 2.45 (5.0 0.09 2.8 .08 2.4 1.5 {3.5
STRUCTURE M08 073 | 3.54 (.8 639 (4.1) 2.3 (47 404 {8.9)
EXPERIMENTS H.l6 (24.8) 1.13 {2.5) 1.27 (2.8) 1.77 (3.9) .41 3.1
BALANCE WEIGHTS 272 (6.0) - - - -
s 120.86 266.5) | 12.47 @8.1) 12.51 @9.8) 12,01 (2.7} 12.7% (28.2)
%) {10.5%) {11.2%) 010.0%) {10.6%)
SELECTED PROSE I
BUS CONTINGEMNCY
FACTOR

QRBITER SPACECRAFT, DRY

ELEC TRICAL POWER 30014 (84.1) | 1.90 (4.2) 4.53 10.0} 3.7 {7.0) 3.22 (7.1)
COMMUNICATIOMNS 9.8¢ (1.7 | 2.22 @5 059 (1.3 095 2,1) 1,27 (2.8)
ELECTRICAL DISTRIBUTION 13.06 (28.8) | 2.06 (4.6} 1,54 {3.4) 2,50 (5.7) 2,09 (4.4)
DATA HANDLING 5.47 (12.5) | 0.27 (0.8) 0.36 {0.8) 0,99 (2.2) 1.5 (1.2)
ATHTUDE CONTROL 13,11 {28.9) 1,95 (4,30 1,18 [.6) 1.B6 [4.1) 1.68 3.7}
PROPULSION (DRY) 5.62 {12.5) 0.14 (0.3} 0.3 (0.8) 0.32 (0.7) 0.27 (0.6}
IMSERTION MOTOR {BLRNOUT) 9.07 0.0; | 0.1 {(0.4) 0,18 (0.4) 0,34 (0.8) 0.8 (0.5
THERMAL CONTROL 10,57 (23.3) | 2.63 {5.8) 1.27 (2.8)  1.04 (2.3) .63 (3.8
STRUCTURE 40,86 (90.1) [ 3.28 {7.2) 594 03.1) 1,95 (4.3 3.77 B.9)
EXPERIMEMTS 28,34 (s2.5} | 2.86 {6.3) 3.26 (7.2) 2.85 8.5 3.3 (.
" BALANCE WEIGHTS 2,72 (4.0) - - - -

b 177,05 (390.4) [ 17.5 (38.6) 15,22 (42.4) 17.09 (37.7} 17,96 (39.46)

(%) (9.9%} (10.9%) (9.7%) (10.2%)

CONTINGENCY
FACTCR.

SELECTED ORBITER
(SPAC ECRAFT

Table 6E-3, Weight Contingency Estimation Factors,
Large and Small Probes (Thor/Delta},
Version III Science Payload

COMNTINGENCY FACTCR (%)
ITEM

CASE A CASE 8
AEROSHELL® 8 8 ‘
HEATSHIELD 8 12
PRESSURE VESSEL 8 12
AUXILIARY STRUCTURE* 8 a
PARACHUTE 8 12
THERMAL CONTROL* 25 s
POWER 5 7.5
CABLING 14 24
DATA HANDLING 5 7.5
COMMUNICATIONS 15 22,5
ORDMANCE 14 24
SCIENCE™ G 10

NOTE: THE FOLLOWING FACTORS WERE AFFLIED AT THE SUB5SYSTEM
CEVEL. CASE A REPRESENTS THE USE OF THE SAME CONTINGENCY
FACTORS AS APPLIED EN THE PRCBE BUS AMALYSIS, CASE B ASSUMES
THE SAME FACTORS AS CASE A FOR THE ASTERISKED 1TEMS; HOW-
EVER, FOX ALL OTHER ITEMS5, THE CONTINGENCY FACTORS WERE
INCREASED 50 PERCENT BECAUSE OF THE COMPLEXITY CF THE

PROBE DESIGN.

6E-3



Table 6E-4, Weight Contingency Estimate, Large and Small Probes
{(Thor/Delta), Version III Science Payload

SMALL PROBF LARGE PROBE

ITEM WEIGHT CONTIMGENCY |KG (LB WEIGHT CONUNGENCY IKG (LA)

IKG (L8]] CASE A CASER IKG {LBN CASE A CASE
AEROSHELL 3.86  {8.51 0,31 {0,681 0,31 {0.48) 22.80 150.2%) 182 (4.00) 1,82 (4,02)
HEATSHIELD 4,03 (3.88) 0.32 (0.71)  0.49 (0.07) 19,38 M2.30} 1,51 (3,38 2.30 (5,08
PRESSURE VESSEL 4.3 {9.50) 0.3 076 052 (1.1 23.4% (51,80} 169 .14 2.8 (6.22)
AUKILIARY STRUCTURE - - - 10,37 (22.861 0.83 (1.83 0,83 (1.83)
PARACHUTE - - - 5,89 113,000 0.47 {1,043 0.70 {1,586
THERMAL CONMTROL 3.83  @®.45) 0.9 N 0% {201 666 {14.70) 167 (3.63) 1.67 (3.68)
FOWER 4.08  {9.00) 0.20 0.45) &35 {0.88) 784 1790 0.39 (0,87} 0.59 (1,30)
CABLING 0.95 {2,100 0,15 {0.3) 0,231 (0,50 6.80 05,000 107 (7.40 1,63 (3.500
DATA HANDLING 145 (3.90) 0.07 (@181 0,11 [0.24) 227 15.000 0.1 (0.25) 0.17 (0.38)
COMMUNICATIONS 1.08 (2,400 0.16 {0.35)  0.24 (0.54) 5.7 {11.40) 0.76 (1,71) 1,16 12,57}
ORONANCE o {0.21) 0,01 (0.08 0,02 {005 299 {6.60) 0.48 (1.08) 0.72 (1.58)
CIENCE 2.2z @.50) 0.22 0.4 0.2 {0.4%) 4,03 153.80) 2,40 (5,00} 2,40 15,30

BALANCE WEIGHT 0,23 i0.50) - B 159 (3.5 - -
z 26,14 (87,66} (FACH) 2,76 16,09 340 (7.530 | 137.08(305.77) 13,46 (2.68) 14,83 (37,12}
%) 78,42 172,95} (TOTAL) B.28(18.27)  10.20 (22,50
{10.5%) {13%) " ®,7%) (12.1%)
Im_u KG 47,95 LB)—I
(10,05}
27.0?&5‘:;& L8}
(s o)

Table 6 E~5. Weight Contingency Estimate-Atlas/Centaur
Probe Bus, Orbiter, and Probes,
Version IIl Science Payload

DEsCRIPTION WEIGHT CONTNGENCY ESTIMATE [KG (LE)|
IKG 1Bl METHOD 1 METHOD Il METHOD 1 AVERAGE

PROBE BUS, DRY
ELECTRICAL POWER W 3] 09 .2 203 AP LW M) L7 B
COMMUNICATIONS AT (@A | 29 6.8 04 @9 12 2.8 LS (4
ELECTRICAL OISTRIBUTION 1513 (3081 [ 2.45 (5.4 1.9 (D) 2.08 (6.B) 2.47 i5.5)
DATA HAMDLING 3.85 @5 ] 0,18 ©.4 0.09 0.2 0.95 2,0 041 (0.9)
ATTITUDE CONTROL 245 50| 036 (0.B) 0.4 0.3 0.5 (1.3) D36 0.8)
PROPULSION (DRY) 5.2 (33| 014 0.3 0.4 0.9 0.3 @B 0.2 ©.7)
THERMAL COMTROL 14,97 (33,00 | 376 (B.3) .00 (.8 L9 4.2) 2.5 (5.7)
STRUCTURE 83.92 (60.2) [ .02 03.5) 0.2 2210 3.3 @D 658 (4.5)
EXPERIMEMTS .16 (24,8) 1,18 (2.4) 1.38 (3.0} 1.95 (4.3} 1.50 3.3
BALANCE WEIGHT 5.44 (12,0} - - - -

z 16942 (373.5) | 18,19.(40,1) 1B.55 (40.91 1574 (34,7) 15.51 (38.4)

) (10,7%) (1.0%) (9.3%) 110, 3%)"

“SINCE THE ATLASACENTAUR CONFIGURATIONS HAVE MOT BEEN INVESTIGATER TO THE SAME LEVEL
OF DETAIL AS THOSE FOR THOR/DELTA, AN ARDITION UNCERTAIMTY FACIOR OF 31 PERCENT IS
ASSUMED, QVERALL COMTINGERNCY FACTOR ASSUMED 13,7 PERCEMT.

QRBITER SPACECRAFT, DRY
ELECTRICAL POWER B4 84,00 | 130 (420 45200,10 303 6.7 3,18 7.0)
COMMUNICATIONS Mo |53 7.3 8 (LS L4l ) L8l (4.0)
ELECTRICAL BASTRIBUTIGN 15.03 (33.8) | 245 (5.4) L9 7 2,08 (6.8) 2.4% (5.5)
DATA HANDLING, 5.87 (12,5 | 0.27 (0.6) 0.3 (0.8} 0.9Y 2.2) 054 (1.2)
ATTITUDE € GNIROL 1 @ 18 @m 18 2,60 1,88 (1) 178 (3.7)
PROPULSIOM (ORY) 412 035 [ 0.4 ©.% 041 09 0,36 0.8 0.3 0.7
INSERTION MOQTOR (BURNGUTY | 18,64 (41,1} | .36 (0.8) 0,38 (0.8 073 (1.4) 4.53 [1.0)
THERMAL COMTROL 15,00 @L1) | L7E (B.OY 1,9 W 159 (3.5) 2.45 (5,4
STRUCTURE TLO7 15671 | 5.67 (17,5} 0,43 23.01 301 (7.3} 449 (14,3
EXPERIMEMTS 3,06 (1.0 - - - -

£ 235.87 (520,00 § 20,17 (510} 25.47 {56.6) 21,23 {46.8) 23.36 (51.5)

i (?,8%) 110.%%) ©.15) (5.9%) "

‘WITH ADDITIONAL UNCERTAINIY FACTOR OF 33 PERCEMT, OVERALL CONTINGENCY FACTOR
ASSUMED 13,2 PERCENT

PROBES

ASSUMED 33 PERCENT GREATER THAM THOR/DELTA. OVERALL CONTINGENCY FACTOR
ASSUMED 14,5 PERCEMT,
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APPENDIX 6F

DETAILED MASS PROPERTIES
OPTIONAL ATLAS/CENTAUR ORBITER CONFIGURATIONS,
VERSION III SCIENCE PAYLOAD

L’L':u‘f

w

A/CIN

Atlas/Centaur Orbiter, 12-Watt Fanbeam, Fanscan Configuration,
Version Ill Science Payload

DESCRIPTION

NUMBER
REQUIRED

WEIGHT
(KG)

(LB}

ELECTRICAL POWER

SOLAR ARRAY (INCLUDING SUBSTRATE)

BATTERY (16-12 AH NI-CD CELLS)
POWER CONTROL UNIT
CTRF/INVERTER

COMMUNICATIONS
CONSCAN PROCESSOR
RECEIVERS
POWER AMPLIFIER
TRANSMITTER DRIVERS
HYBRIDS
DIPLEXERS
SWITCHES
FORWARD OMMI ANTENNA
AFT OMNI ANTENNA
FAMNBEAM ANTENNA
FANSCAN ANTENNA
RF CABLE AND CONNECTORS

ELECTRICAL DISTRIBUTION
COMMAND DISTRIBUTICN UNIT
HARMNESS AND CONNECTORS

DATA HANDLING
DIGITAL TELEMETRY UNIT
DATA STORAGE UNIT
DIGITAL DECODER UNIT

ATTITUDE CONTROL
CONTROL ELECTRONICS ASSEMBLY
SUN SENSOR ASSEMBLY

PROPULSION
THRUSTERS
PROPELLANT TANK
FILTER
PRESSURE TRANSDUCER
FILL AMND DRAIN VALVE
LINE/HEATER AND MISCELLANEQUS

6 PANELS
1
i

—_ = m th NN R RN -

1
AS REQUIRED

1
AS REQUIRED

1
A5 REQUIRED

35.7

11.43

10.48
6.35
7.39

11.8
0.36

78.6
25.2
23,1
14.0
16.3

25.9
0.8
5.2
2.4
2.4
0.5
4.3
3.0
0.3
0.5
2.5




DESCRIPTION

NUMBER
REGQIUIRED

‘{éﬂ;\/CIII

Atlas/Centaur Orbiter, 12-Watt Fanbeam, Fanscan Configuration,
Version III Science Payload {Continued)

WEIGHT
(KG)

—
=
~—

SOLID INSERTION MOTOR (BURNOUT)

THERMAL CONTROL

INSULATION

FORWARD CLOSURE

AFT CLOSURE

LOUVERS

THERMAL FIN — TRANSMITTER
HEATERS, ISOLATORS, PAINT, ETC,

STRUCTURE

CENTRAL CYLIMDER ASSEMBLY

UPPER RING

CYLINDER

PLATFORM RINGS

LOWER FRUSTUM

SEPARATION RING

SRM MOUNTING RING

ATTACH HARDWARE
PLATFORM/COMPARTMENT ASSEMBLY

UPPER STRUTS

PLATFCRM STRUTS

VERTICALS

UPPER RING ASSEMBLY

PLATFORM STRUT FITTINGS

PLATFORM ASSEMBLY

BRACKET AND ATTACH HARDWARE
SCLAR ARRAY SUPPORT ASSEMBLY

UFPER RING

LOWER RING

STRUTS
ANTENNA SUPPORT ASSEMBLY
MAGNETOMETER BOOM ASSEMBLY
PROPULSICN SUPPORT
DAMPER
AFT OMNI SUPPORT
SCIENCE SUPPORT BRACKETRY
EQUIPMENT TIEDOWN AND INTEGRATED HARDWARE

6F-2

AS REQUIRED
}

1
55QFT
AS REQUIRED
AS REQUIRED

1
AS REQUIRED

15

9
9
|
9

|
AS REQUIRED

A5 REQUIRED
1
1
AS REQUIRED
A5 REQUIRED

18.7

15.0

8.12
1.32
0.54
2.95
0.48
1.26

73.0

O b 0 N WO O

22.77




ézm/CIll

Atlas/Centaur Orbiter, 12-Watt Fanbeam, Fanscan Configuration,
Version III Science Payload (Continued)

NUMBER WEIGHT
DESCRIPTION REQUIRED (KG) {LB)

BALANCE WEIGHT PROVISION : 5.4 12,0

e 5SPACECRAFT LESS SCIENCE 197.5 435.3

SCIENTIFIC INSTRUMENTS : 33.0 72.9
MAGNETOMETER 2.49 5.5
ELECTRON TEMPERATURE PROBE 1.00 2.2
NEUTRAL MASS SPECTROMETER 5.44 12.0
|ON MASS SPECTROMETER 1.45 3.2
UV SPECTROMETER 5.44 12.0
iR RADIOMETER 4.54 i0.0
RF ALTIMETER 12.70 28.0

§ e SPACECRAFT (DRY) , : 230.5  508.2

PROPELLANTS AND PRESSURANT 140.3 309.4
INSERTION PROPELLANT AND EXPENDED INERTS ) . 126,10  278.0
HYDRAZINE PROPELLANT 13.97 30.8
NITROGEN PRESSURANT 0.27 0.6

® SPACECRAFT LESS CONTINGENCY 370.8 817.6

CONTINGENCY (NET ALLOWABLE) ) _ &54.6 142.4

o GROS55 SPACECRAFT AFTER SEPARATION ' 435.4 960.0

6F -3



Atlas/Centaur Orbiter, Earth-Pointing Configuration,
Version IIl Science Payload

DESCRIFTION

NUMBER
REQUIRED

ﬂ}A/C t

WEIGHT
(KG)

(LB)

ELECTRICAL POWER

SOLAR ARRAY (INCLUDING SUBSTRATE)

BATTERY (i16-12 AH NI-CD CELLS)
POWER CONTROL UNIT
CTRF/INVERTER

COMMUNICATIONS
COMNSCAN PROCESSOR
RECEIVERS
POWER AMPLIFIER
TRANSMITTER DRIVERS
HYBRIDS
DIPLEXERS
SWITCHES
FORWARD OMNI ANTENNA
AFT OMNI ANTENNA
MEDIUM-GAIN ANTENNA

- HIGH=-GAIN ANTENNA ASSEMBLY

RF CABLE AND COMMNECTORS

ELECTRICAL DISTRIBUTIOM
COMMAND DISTRIBUTION UNIT
HARNESS ANMD COMMNECTORS

DATA HANOLING
DIGITAL TELEMETRY UNIT
DATA STORAGE UNIT
DIGITAL BECODER UNIT

ATTITUDE CONTROL
CONTROL ELECTROMNICS ASSEMBLY
SUN SENSOR ASSEMBLY

PROPULSION
THRUSTERS
PROPELLANT TANK
FILTER
PRESSURE TRAMSDUCER
FILL AND DRAIN VALVE
LINE/HEATER AND MISCELLANEQUS

6F-4

6 PANELS
1
i
1

e e NN NN R R —

1
AS REQUIRED

1
AS REQUIRED

1
AS REQUIRED

35.

7

78.6

1.
10.

b,
39

~J

43
48
35

.7

25.2
23.1
14.0
16.3

34.5

5
0
2
0
1
0
1
1
0]
0
0
4
1

.36
.36
.54
.09
.09
.95
.91
4]
.14
.21
.54
.36

.8

0.8
5.2
1.2
2.4
0.2
4.3
4.2
0.9
0.3
2.0
10.0
3.0

34.8

N = &l

.45
.34

.5

2.8
25.0

27.5

.08

62

J7
.7

6.8
19.0
1.7

6.0

.31

5.1
0.9

- O O O W R O NI O 0 W




Atlas/Centaur Orbiter, Earth-Pointing Configuration,
Version III Science Payload (Continued)

DESCRIPTION

“NUMBER
REQUIRED

[E>A/C 1l

WEIGHT

(KG)

(LB)

SOLID INSERTION MOTOR (BURNOUT)

THERMAL CONTROL

INSULATION

FORWARD CLOSURE

AFT CLOSURE

LOUVERS

THERMAL FIN — TRANSMITTER
HEATERS, ISOLATORS, PAINT, ETC.

STRUCTURE

CENTRAL CYLINDER ASSEMBLY

UPPER RING

CYLINDER

PLATFORM RINGS

LOWER FRUSTUM

SEPARATION RING

SRM  MOUNTING RING

ATTACH HARDWARE
PLATFORM/COMPARTMENT ASSEMBLY

UPPER STRUTS
PLATFORM STRUTS

VERTICALS

UPPER RING ASSEMBLY

PLATFORM STRUT FITTINGS

PLATFORM ASSEMBLY

BRACKET AND ATTACH HARDW ARE
SOLAR ARRAY SUPPORT ASSEMBLY

UPPER RING

LOWER RING

STRUTS |
NM/IM SPECTROMETER BOOM ASSEMBLY
MAGNETOMETER BOOM ASSEMBLY
PROPULSION SUPPORT
DAMPER
' FORWARD OMNI SUPPORT
AFT OMNI SUPPORT
MEDIUM-GAIN ANTENNA SUPPORT
SCIENCE SUPPORT BRACKETRY
EQUIPMENT TIEDOWN AND INTEGRATED HARDWARE

6F-5

1

AS REQUIRED
|
|
55QFT
AS REQUIRED
AS REQUIRED

1
1
2
1
1

1
A5 REQUIRED

1
A5 REQUIRED

AS REQUIRED
1
1

1
AS REQUIRED
AS REQUIRED

18.7

41,

15.0

33.

8.12
1.32
0.54
2.95
0.68
1.36

75.4

17.

22.77




[I}*A/C HI

Atlas/Centaur Orbiter, Earth-Pointing Configuration,
Version III Science Payload (Continued)

NUMBER WEIGHT
DESCRIPTION REQUIRED (KG) (LB}

BALANCE WEIGHT PROVISION 5.4 12,0

e SPACECRAFT BUS LESS SCIENCE 203.8 449.2

SCIENTIFIC INSTRUMENTS : 33.0 72.

MAGNETOMETER 2,49 5.
ELECTRON TEMPERATURE PROBE 1.00 2.
NEUTRAL MASS SPECTROMETER 5.44 12.
IOMN MASS SPECTROMETER 1.45 3.
UV SPECTROMETER . 5.44 12,
IR RADIOMETER 4.54 10.
RF ALTIMETER . 12,70 28,

s SPACECRAFT (DRY) 236.8

PROPELLANTS AND PRESSURANT 140.3
INSERTION PROPELLANT AND EXPENDED INERTS 126.10
HYDRAZINE PROPELLANT 13.97
NITROGENM PRESSURANT 0.27

¢ SPACECRAFT LESS CONTINGENCY 377.1

CONTINGENCY (NET ALLOWABLE) 58.3
e GROSS5 SPACECRAFT AFTER SEPARATION 435.4
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Atlas/Centaur Orbiter, Despun Reflector Configuration,
Version II Science Payload

DESCRIPTION

MNUMBER
REQUIRED

%}.A/cm

WEIGHT

(KG)

{LB)

ELECTRICAL POWER

SOLAR ARRAY {INCLUDING SUBSTRATE)

BATTERY (16-15 AH N|-CD CELLS)
POWER CONTROL UNIT
CTRF/INVERTER

COMMUNICATIONS
CONSCAN PROCESSOR
RECEIVERS
POWER AMPLIFIER
TRANSMITTER DRIVERS
HYBRIDS
DIPLEXERS
SWITCHES
FORWARD OMNI ANTENNA

AFT OMNI ANTENNA
FANSCAN ANTEMNIMNA
HIGH-GAIN ANTENMNA ASSEMBLY

RF CABLE AND CONMNECTORS

ELECTRICAL DISTRIBUTION
COMMAND DISTRIBUTION UNIT
HARMNESS AND CONNECTORS

DATA HANDLING
DIGITAL TELEMETRY UMNIT
DATA STORAGE UNIT
DIGITAL DECCDER UNIT

ATTITUDE CONTROL
CONTRGL ELECTRONICS ASSEMBLY
SUN SEMSOR ASSEMBLY
DESPIN CONTROL ASSEMBLY
DESPIN DRIVE ASSEMBLY

PROPULSION
THRUSTERS
PROPELLANT TANK

FILTER
PRESSURE TRANSDUCER

FILL AND DRAIN VALVE
LINE/HEATER AND MISCELLAMEQUS

6F -7

& PANELS
i
1
1

—_ - = i Nt N RN —

—

A5 REQUIRED

1
AS REQUIRED

]
A5 REQUIRED

40.8

89.9

12.34
13.06
6.35
7.03

12.7

27.2
28.

—_ —
o
o

)
1

0.36
2.36
1.09
1.09
0.23
1.95
1.36
0.14
0.23
0.45
2.04
1.36

_15.8
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12.
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Atlas/Centaur Orbiter, Despun Reflector Configuration,

Version III Science Payload (Continued})

DESCRIPTION

NUMBER
REQUIRED

(KG)

WEIGHT

r_EE_p A/c

SOLID INSERTHON MOTOR (BURNQUT)

THERMAL CONTROL
INSULATION
FORWARD CLOSURE
AFT CLOSURE
LOUVERS
THERMAL FIN — TRANSMITTER
HEATERS, ISOLATORS, PAINT, ETC.

STRUCTURE

CENTRAL CYLINDER ASSEMBLY
UPPER RING
CYLINDER
PLATFORM RING5S
LOWER FRUSTUM
SEPARATION RING
SRM MOUNTING RING
ATTACH HARDWARE

PLATFORM/COMPARTMENT ASSEMBLY
UPPER STRUTS
PLATFORM STRUTS
VERTICALS
UPPER RING ASSEMBLY

PLATFORM STRUT FITTINGS
PLATFORM ASSEMBLY

BRACKET AND ATTACH HARDWARE
SOLAR ARRAY SUPPORT ASSEMBLY

UPPER RING
LOWER RING
STRUTS
AMNTENNA SUFPORT ASSEMBLY
MAGNETOMETER BOOM ASSEMBLY
PROPULSION SUPPORT

DAMPER

FORWARD OMNI SUPPORT

AFT OMNI SUPPORTY

SCIENCE SUPPORT BRACKETRY

6F-8

EQUIPMENT TIEDOWN AND INTEGRATED HARDW ARE

|

AS REQUIRED
1
1
55QFT
AS REQUIRED
A5 REQUIRED

—_ — R = —

i
AS REQUIRED

15
9
?
|
9

1
A5 REQUIRED

AS REQUIRED
1
i
1
AS REQUIRED
AS REQUIRED

18.7

15.0 33.0
8.12 17.9
1.32 2.9
0.54 1.2
2.95 6.5
0.68 1.5
1.36 3.0
72.0 158.8
22.77  50.2
(6.4)
(6.6)
(3.4)
(11.2)
(14.6)
(6.5)
{1.5)
27.03  59.6
(5.7)
(3.7)
(4.0)
(5.6)
(1.8)
(34.6)
(4.2)
5.8} 12.8

4.22
2.27
2.72
0.23
0.23
1.36

(3.4)
{4.0)

9.3
5.0
5.0
0.5
0.5
3.0




E}Ncm

Atlas/Centaur Orbiter, Despun Reflector Configuration,
Version III Science Payload (Continued)

NUMBER WEIGHT
REQUIRED (KG)

BALANCE WEIGHT PROVISION ’ 5.4 12,

¢ SPACECRAFT LESS SCIENCE _ 212.6 4468,

SCIENTIFIC INSTRUMENTS ' 33.0 72,
MAGMNETOMETER 2.49
ELECTRON TEMPERATURE PROBE 1.00
INEUTRAL MASS SPECTROMETER 5.44
IOMN MASS SPECTROMETER 1.45
UV SPECTROMETER 5.44
IR RADIOMETER 4.54
RF ALTIMETER 12.70

+ SPACECRAFT (DRY) . 245.6

PROPELLANTS AND PRESSURANT 140.3
INSERTION PROPELLANT AND EXPENDED |NERTS : 126,10
HYDRAZINE PROPELLANT 13.97
NITROGEM PRESSURANT 0.27

e SPACECRAFT LES5 CONTINGENCY . 385.9

CONTINGENCY (NET ALLOWABLE} : . 49.5

¢ GROS5 SPACECRAFT AFTER SEPARATION 435.4
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APPENDIX 6G
MASS PROPERTIES PRELIMINARY UNCERTAINTY ANALYSES
VERSION III SCIENCE PAYIL.OAD
1. ATLAS/CENTAUR PROBE MISSION

A preliminary uncertainty analysis to determine allowable mass
properties deviations in critical components is presented for the Atlas/

Centaur probe mission.

The limiting condition is assumed to be the attitude control system
requirement of [<0. 0035 rad (<0. 2 deg)] principal axis misalignment with
the geometric longitudinal axis. The allowable products of inertia for the

current spacecraft configuration are:

Py = (3886 kg~ cm®) (0, 0035 rad)

P, = (1328 1b-in. %) (0.0035 rad)

P__ = (4978 kg » cm®) (0. 0035 rad)
P__ = (1701 Ib-in. %) (0,0035 rad)

The recommended allocations for probe mass properties are as

follows:

Large Probe Small Probe
Weight uncertainty and variation £0.91 kg <0.23 kg
from nominal (<2.0 1lb) "{=0.5 1b)
Radial center-of-gravity cffset £0.127 cm <0.127 cm
from probe centerline (<0, 050 in. ) {<0. 050 in. )
Longitudinal center-of-gravity <0,762 cm <0.127 cm
uncertainty from nominal - (<0. 30 in. ) (0. 050 in, )
Product of inertia in plane of s293 kg c 2 <103 kg » CI?Z)
longitudinal axis (£100 lb-in, ©) (235 1b-in, =)

The steps necessary to verify the spacecraft mass properties are:
e Dynamically balance the probe bus in the dry condition
e Dynamically balance each probe

e Integrate probes with bus and add propellant and pressurant with
no further.balancing required.
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The effects of tolerance allocations on the spacecraft mass

properties are summarized in Table 6G-1.

Detailed effects of variations

in large and small probe mass properties are presented in Table 6G-2,

Table 6G-1. - Atlas/Centaur Probe Spacecraft Dynamic Balance
Tolerance Allocations (Stowed Condition)

TOLERANCE (LB-1N D)

SOWRCE 2 COMMENTS
Xy *Z
BALANCE (MACHINE ACCURACY) 100 100 AVERAGE BASED ON CLOCKWISE AND COUNTERCLOCKWISE
BALANCING
PROPELLANT WEIGHT AMD C.G. (TANK 1) 54 177 .50 INCH UNCERTAINTY 1N RADIAL AND LONGITUBINAL
PROPELLANT WEIGHT AND C.G . (TANK 2 101 100 € .G. AND #0.| L8 PROPELLANT WEIGHT UNCERTAINTY IN
PROPELLANT WEIGHT AND C.G . (TANK 3) 101 100 EACH TANK
POST ALIGMMENT EQUIPMENT CHANGES @ a0
LARGE PROBE PRINGIPAL AXIS 100 100 1100 LB-IN. 2 UNCERTAINTY IN BALANCE OF PROSE
LARGE PROBE C.G . ACCLRACY a2 428 +0,050 INCH RADIAL C .G . UNCERTAINTY
LARGE PROBE ALIGNMENT ACCURACY 428 428 .05 INCH UNCERTAINTY 1M ALIGNMENT RADIALLY AND
LONGITUDINALLY
SMALL PROIBES PRINCIPAL AXES 0 60 435 L8-IN % EACH PROSBE
SMALL FROBE NO. } WEIGHT AND € .G , ACCURACY 7 343 .50 Lh WEIGHT UNCERTAINTY AND 5,45 [NCH LONGITU=
DINAL C.G . AND +0.05 INCH RADIAL €.G .
SMALL PROBE MO, 2 WEIGHT AND €.G . ACCURACY 299 182 +0.,50 LB WEIGHT UNCERTAINTY AND 0,05 [MCH LONGITU-
DINAL C.G . AND .05 INCH RADIAL C.G .
SMALL PROBE MO, 3 WEIGHT AND C.G . ACCURACY %9 182 0,50 LB WEIGHT UMCERTAINTY AND 0,05 INCH LONGITU-
DINAL C.G . AMD :0.05 INCH RADIAL C .G .
SMALL PROBE MO, 1 ALIGNMERT ACCURACY Fal 314 0,05 INCH ALIGHNMENT UNCERTAINTY LONGITUDINALLY
AND RADIALLY
SMALL PROBE MO, 2 ALIGNMENT ACCURACY 29 169 <D,05 [MCH ALIGNMENT UNCERTAIMTY LONGTUDINALLY
AND RADIALLY
SMALL PROBE MO 3 ALIGNMENT ACCLRACY 259 169 .05 INCH ALIGMMENT UNCERTAINTY LOMGITUDIMALLY
° AND RADIALLY
TOTAL WORST CASE 2750 2892
TOTAL ROOT-SUM-SQUARE (R55) 885 B85
LIMIT VALUE 1328 1701 0.2 DEGREE UNCERTAINTY [M PRINCIPAL AXIS ALIGNMENT
FOR ATTITUDE DETERMINATION AND FROBE DEPLOYMENT
ERRCR BUDGET
AVAILASLE MARGIM 443 816 JSING RSS VALUES

Table 6G-2,

Detailed Effects of Probe Tolerance Allocations

TOLERANCE (1B-IN.%)

SCURCE Py e COMMENTS
LARGE PROBE PRIMCIPAL AXIS 100 100 100 LB-IN2 UNCERTAIMTY iN BALANCE OF PROBE
LARGE PROBE RADIAL C.G . 428 478 40,050 INCH RADIAL C,G ., UNCERTAINTY
LARGE PROBE LONGITUDINAL C.G. - - #),30 INCH LONGITUBINAL C .G . UNCERTAINTY
SMALL PROBE PRINCIPAL AX(5 &0 60 +35 Lli--IN.2 Ef\CH PROBE IROOT-5UM-SQUARE {RS5) TOTAL
OF 60 LB-IN <]
SMALL PROBE NO. | WEIGHT AMD C.G . ACCURACY (RSS) (71} (343} R5S OF A}, B), AND C) BELOW
A} WEIGHT ACCURACY 0 138 .50 POUND UNCERTAIMTY
B} RADIAL C.G. ACCURACY 7l 71 #).050 INCH RADIAL OFFSET FROM PROBE CEMTERLINE
C) LONGITUDINAL C.G. ACCURACY 0 306 #),050 INCH LONGITUDIMNAL C.G. VARIATION FROM
NOMINAL
SMALL PROBE NO. 2 WE{GHT AND C.G . ACCURACY (RSS) (299) (182} RSS OF A), B}, AND C)BELOW
A) WEIGHT ACCURACY 120 &9 10.50 POUND UNCERTAINTY
B) RADIAL C.G. ACCLRACY 7l I 20,050 {NCH RADIAL OFFSET FROM PROBE CENTERLINE
C) LONGITUDINAL C.G. ACCURACY 285 153 40,050 INCH LONGITUDINAL C.G . VARIATION FROM
MNOMINAL
SMALL PROBE NOQ, 2 WEIGHT AND C.G . {297} (182} RSS OF A), B}, AND C)BELOW
Al WEIGHT ACCURACY 120 &9 0,050 POUND UNCERTAINTY
B} RADIAL C.G. ACCURACY 1 7t 10.050 FNCH RADIAL OFFSET FROM PROBE CENTERLINE
C) LONGITUDIMAL €.G . ACCURACY 265 153 ﬁoﬁllﬁdi«lEH LONGITUDINAL C.G . VARIATION FROM
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2. THOR/DELTA PROBE MISSION

2.1 Introduction

In considering the Thor/ADelta launch vehicle for the probe mission,
certain mass properties limits must be imposed on the bus and probe
mass properties to meet the overall requirements of the launch vehicle
and the mission performance requirements. This study is directed
primarily at the large and small probe requirements as they impact the

overall paylocad mass properties.

Two sets of requirements were addressed. The requirements as
specified by the customer (Reference 1) are significantly more stringent
than those stipulated by the launch vehicle manufacturer (Reference 2).
The following results summarize the probe mass properties requirements

for the Thor/Delta launch consideration.

A. Spacecraft Requirements (Reference 1)

Center-of-gravity offset from spacecraft centerline 0. 038 cm
(0. 015 in.)

Principal axis (roll) misalignment with spacecraft <0, 002 rad

geometric axis

Probe limits:

Weight uncertainty and variation

from norminal

Radial center-of-gravity offset
from probe centerline

Longitudinal center-of-gravity
variation from nominal value

Product of inertia in plane of
longitudinal axis

Larpe Probe

<0. 91 kg
(2.0 Ib)

<0, 025 ¢cm
(<0. 010 in. )

«0. 762 cm
(<0. 30 in.)

<38 kg * crrxz2

(=13 lIb-in, ")~

(marginal)

Small Probe

=0. 05 kg -
{(<0. 10 1b)

<0, 025 cm
{=0. 010 in, )

<0,254 cm
(0. 10 in.)

2,9 kg - cm’
(<1, 0 1b~-in. 2)



B. Spacecraft Requirements (Reference 2} ‘

Center-of-gravity offset from spacecraft centerline

Principal axis (roll) misalignment with spacecraft

geometric axis

Probe lIimits:

Large Probe

Weight uncertainty and variation

from nominal

Radial center-of-gravity offset
from probe centerline

Longitudinal center-of-gravity
uncertainty from nominal value

Product of inertia in plane of

longitudinal axis

2.3 Discussion

<0. 91 kg
(2.0 1b)

<0, 127 e¢m
(<0. 050 in, )

<0, 762 cm
(0. 30 in. )

=293 kg* ¢
(100 1b-in, ")

«<0.127 cm
(0. 050 in. )

=0, 020 rad

Small Probe

<0, 23 kg
(0.5 1b)

<0. 076 cm
{<0. 030 in, )

<0. 508 cm
{0, 20 in.)

<29 kg * cm’

(<10 1b-in, %)

The steps necessary to verify the spacecraft mass properties are:

e Dynamically balance the probe bus in the dry condition . .

e Dynamically balance each probe

e Integrate probes with bus and add propellant and pressurant with
no further balacing required.

The significant mass properties assumed for this study are as

follows:

. R MOMENTS OF INERTIA-
LONGITUDIMNAL RADIAL* 1
[‘Q’é'?l_% CENTER OF GRAVITY  CENTER OF GRAVITY [KG-MZ (SLUG-FT2)
- [CM (EN.) | [CM (INL) ] L ROLL) Ly -
LARGE PROBE 143.2 95.3" 0.0 16.29 1319 119
G157 (37.5) (12.02)  (9.73)  {8.85)
SMALL PROBE 2.4 25.4 81.3 0,412 0,358 0,358
(58.1) EACH (10.0) @32.0 (0.304)  {0.264)  {0.264)
SPACECRAFT AND LAUNCH 385.1 50.5 0.0 145,6 1227 181
(B4%.0) (15.9) (107.4) (0.5  (87.1)
PROPELLAMT AND PRESSURANT .49 25.4 129.0 - - -
(14.3) £ACH (16.0) (50.8)

*REFERENCE IS SPACECRAFT SEPARATIOMN PLANE

RADIAL CENTER-OF-GRAVITY DISTANCE (5 RADJAL DISTAMCE FROM EACH ITEM CENTER-OF-GRAVITY
TO THE SPACECRAFT CENTERLINE
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The detailed lists of uncertainties assigned to each variable are
included in Tables 6G-3 and 6G-4 for the looser requirements of 0. 127
cm (0.050 in. } and 0. 020 radian. The assignment of tighter tolerances
as indicated in Tables 6G-5 and 6G-6 was made in an attempt to satisfy

the requirements of 0.127 cm and 0. 002 radian.

Another approach to satisfy the tighter requirements would be to
balance the total spacecraft including probes, thus eliminating the uncer-
tainties in probe mass properties and alignments in the launch condition,
The 0. 002 radian requirement could be met with this technique provided
the balance machine accuracy of 234 kg . cm2 (80 lb-in. 2) is realistic,
However, the practicality of this approach is questionable regarding the
probes remaining in place after the balancing operation and during launch

preparation.
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Table 6G-3. Thor/Delta Probe Spacecraft Static Balance
Tolerance Allocations (Stowed Condition)

SOURCE

TOLERAMNCE (IN .-LB)

COMMENTS

BALANCE (MACHINE) ACCURACY

PROPELLANT WEIGHT AND C.G, (TANK 1) 14.3 POUNDS
PROPELLANT WEIGHT AND C.G. (TANK 2) 14,3 POUNDS
PROPELLANT WEIGHT AND C.G . (TANK 1) 14,3 POUNDS
SPACECRAFT CENTERLINE ALIG MMENT

POST-ALIGNMEMT EQUIFMENT CHANGES

SUBTOTAL WORST CASE

SUBTOTAL ROOT-SUM-SQUARE (R55)
LARGE PROBE C.G . ACCURALCY
LARGE PROBE ALIGNMENT ACCURACY

SMALL PROBE NO. 1 WEIGHT AND € .G . ACCURACY
SMALL PROBE MO, 2 WEIGHT AND .G . ACCURACY
SMALL PROBE NO, 3 WEIGHT AND C.G . ACCURACY
SMALL PROBE NGO . 1 ALIGNMENT ACCLRACY
SMALL PROBE NO . 2 ALIGNMENT ACCURACY
SMALL PROBE NGO, 3 ALIGNMENT ACCURACY

SUBTOTAL WORST CASE
SUBTOTAL RSS

TOTAL WORST CASC
TCTAL RSS

LIMIT VALUE {THOR/DELTA USER'S GUIDE)
AVAILASLE MARGIM

1.0

2.1
2.1
2.1
8.0

1.0

4.3
(8.9)
15.8
13.3

2.9

(88.8)
(3&.1)

AVERAGE BASED ON CLOCKWISE AMD COUNTERCLGCKWISE
BALAMCIMNG

ALIGNMENT CF TANKS (#0.05 INCH) AND PROPELLANT
EQUAL LOADING ACCURACY ().} POUND EACH TANK AT
20 IMCH RADIUS)

+0.010 INCH ALIGMMENT REPEATABILITY {DRY SPACECRAF 1}
WITH BALAMCER

ALLOWANCE FOR EQUIPMENT CHAMGES WITHOUT
REBALARMCING

#0.050 [NCr RADIAL C.G . UNCERTAINTY

20.05 INCH ALIGNMENT ACCURACY WITH RESPECT TO
SPACECRAFT CENTERLINE

#.000 INCH RADIAL C.G . UNCERTAINTY AND 1,50 POUND
WEIGHT UNCERTAINTY

+),030 INCH RADIAL C.G, UNCERTAINTY AMD £0.50 POUND
WEKGHT UMCERTAIMTY

#),030 INCH RADIAL C.G, UMCERTAINTY AND 20,50 POUND
WEIGHT UMCERTAINTY

4,05 ALIGMMENT ACCURALY WITH RESPECT TO SPACECRAFT
CEMNTERLINE

40,05 ALIGMMENT ACCURACY W1TH RESPECT TO SPACECRAFT
CEMTERLIME

.05 ALIGMMEMT ACCURACY WITH RESPECT TO SPACCCRAFT
CEMTERLINE

4,050 INCH UNCERTAHNTY IN 842-POUND SPACECRAFT
USING RSS VALLES

Table 6G-4. Thor/Delta Probe Spacecraft Dynamic Balance
Tolerance Allocations (Stowed Condition)

TOLERANCE (1B-1N.3)

SOURCE PXY sz COMMENTS
BAUANCE (MACHINE ACCURACY) 50 80 AVERAGE BASED OM CLOCKWISE AND COUNTERCLOCKWISE
BALANCING
FROPELLANT WEIGHT AND .G . [TANK 1) 14 = 40 05 INCH UNCERTAINTY IN RADIAL AND LONGITUDINAL
PROPELLANT WEIGHT AND C G , {TANK 2) 14 22 C.G, AND 10,1 POUND PROPELLANT WEIGHT UNCERTAINTY
PROPELLANT WEIGHT AMD € .G {TANK 3) 25 7 IN EACH TANK
POST-ALIGMMENT EQUIPBMEST CHANGES E0) 2
SUBTOTAL WORST CASE 059 asny
SUBTOTAL ROIOT-SUM-SCIUARE (155) {88} {88)
LARGE PROBE PRINCIPAL AXIS 10 100 4100 LB-#N.2 UNCERTAINTY IN BALANCE OF PROBE
LARGE PROBE C.G . ACCURACY 78 s 10,050 (NCH RADIAL € .G . UNCERTAINTY
LARGE FROBE ALIGNMENT ACCURACY s 78 10,05 INCH UNCERTAINTY IN ALIGNMENT AADIALLY AND
LONGITUDINALLY
SMALL PROBES PRINCIPAL AXES 7 7 H0LB-IN .2 EACH PROBE
SMALL FROBE NO', | WEIGHT AND C.G . ACCLRACY = 10,50 POUND WEIGHT UNCERTAINTY AND 10,20 INCH
LONGITUDINAL € .G . AND .00 INCH RADIAL C .G,
SMALL PROBE NO. 2 WEIGHT AND €.G, ACCURACY w .50 POLUND WEIGHT UNCERTAINTY AND 20,20 INCH
- LONGITUDINAL €.G . AND 40.030 INCH RADIAL € .6
SMAELL PROBE NO. 3 WEIGHT AMND .G, ACCURACY 5 2 ) 50 POUND WEIGH T UNCERTAINTY AMD 13,20 INCH
LONGITUDINAL C.G . AND 40,030 INCH RADIAL €6 .
SMALL FROBE NO. | ALIGNMENT ACCURACY w0 " 10,05 INCH ALIGNMENT UNCERTAINTY LONGITUDINALLY
AND RADIALLY
SMALL PROBE NO ., 2 ALIGNMENT ACCURACY T 7 10,05 INCH ALIGMMENT UNCERTAINTY LONGITUDINALLY
AND RADIALLY
SMALL PROBE MO, 3 ALIGNMENT ACCLRACY " % £),05 INCH ALIGNMENT UNCERTAINTY LONGITUDINALLY
—_ — | aND RADIALLY
SUBTOTAL WORST CASE {880) (217}
IUBTOTAL RSS (418) (430}
TOTAL WORST CASE 1033 1060
TOTAL RSS o) @
L4 T VALUE (THOR/DELTA USER'S GUIDE) 1560 1880 40,020 RADIAN 1= 107.4, 1, 90.5, L= B7 .1 SLUG-FT?
AVAILABLE MARGIN nan 144 USING RSS VALLES
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Table 6G-5. Thor/Delta Probe Spacecraft Static Balance
Tolerance Allocations {Stowed Condition)

SOURCE

TOLERAMCE {IN . -LB)

COMMENTS

BALANCE (MACHINE) ACCURACY

PROPELLANT WEIGHT AMD C.G . (TANK 1] 14.3 POUNDS
PROPELLANT WEIGHT AMD C.G. (TANK 2} 14.3 POUNDS
PROPELLANT WEIGHT AMD C.G . (TANK 3} 14,2 POUNDS
SPACECRAFT CEMTERLINE ALIGHMENT

POST-ALIG NMENT EQUIPMENT CHANGES

SUBTCTAL WORSTCASE

SUBTOTAL ROOT-5UM-SQRUARE (RSS}
LARGE PROBE C.G . ACCLRACY
LARGE PROBE ALIGNMENT ACCURACY

SMALL PROBE NO, | WEIGHT AND C.G . ACCURACY
SMALL PROBE MO. 2 WEIGHT AND C.G . ACCURACY
SMALL PROBE MO, 3WEIGHT AMD € .G . ACCURALCY
SMALL PROBE MO. 1 ALIGNMENT ACCURACY
SMALL PROBE NC. 2 ALIGMNMENT ACCURACY
SMALL FROBE MO, 3 ALIGNMERT ACCURACY

SUBTQTAL WORST CASE
SUBTOTAL RSS

TOTAL WORST CASE
TOTAL RSS

LIMIT VALUE {SPECIFICATION)
AVAILABLE MARGIM

1.0

2.1
2.
2a
4.2
1.0

12.5
(5.7)

1.7

(26.1}
{10.7}

AVERAGE BASED ON CLOCKWISE AMD COUNTERCLOCKWISE
BALAMCING

ALIGNMENT OF TAMKS (0.05 i NCH) AND PROPELLANT
EQUAL LDADIMG ACCURACY (0.1 POUND EACH TAMK AT
20 INCH RADIUS)

40,005 INCH ALG NMENT REPEATABILITY {ORY SPACECRAST)

ALLOWANCE FOR EQUIPMENT CHANGES WITHOUT
REBALANCING

40,010 IMCH RADJAL ©.G . UNCERTAINTY

10,025 INCH ALIGNMEMNT ACCURACY WITH RESPECT TQ
SPACECRAFT CEMTERLINE

20,01 {MCH RADIAL €.G . UNCERTAINTY AMD 10.10 POUND
WEIGHT UNCERTAINTY

0.0} INCH RADIAL C.G . UNMCERTAINTY AND 10,10 POUND
WEIGHT UNCERTAIMNTY

+,01 INCH RADIAL C.G. UNCERTAINTY AND 10,10 FOUND
WEIGHT UNCERTAINTY

.03 ALIGHMENT ACCURACY WITH RESPECT TO SPACECRAFT
CENTERLINE

+0.03 ALIGNMENT ACCURACY WITH RESPECT TO SPACECRAFT
CENTERLINE

+0,03 ALIGNMER T ACCURACY WITH RESPECT TG SPACECRAFT
CEMTERLIME

+0.015 1MCH UNCERTAIMTY IN 845-POUND SPACECRAFT
USING RSS VALUES

Table 6G-6. Thor/Delta Probe Spacecraft Dynamic Balance
Tolerance Allocations {Stowed Condition)

TOLERANCE {LB~tH.")

4

SOURCE P COMME NTS
XY Xz
BALANCE (MACHINE ACCURACY) 80 20 AVERAGE BASED ON CLOTKWISE AND COUNTERCLOCKWISE
BALANCING
PROPELLANT WEIGHT AND C.G . (TARK 1) 14 2 10.05 [MCH UNCERTAIMTY | RADIAL ANG LONGITUDINAL
PROPELLANT WEIGHT AMND C.G. (TANK 2} 14 22 .G, AND 40.1 POUND PROPELLANT WEIGHT UMCERTAINTY
PROPELLANT WEIGHT AND € .G . (TANK 3) 25 71 | IMEACH TANK
POST-ALIG MMEMT EQUIPMENT CHAMNGES 20 20
SUBTOTAL WORST CASE (153) (151}
SUBTOTAL ROOT-SUM-5QUARE (RS5) (88} @8)
LARGE PROBE PRINCIPAL AXIS 13 13 113 lB—lN.2 UNCERTAINTY IMN BALANCE OF PROBE
LARGE PROBE € .G . ACCLRACY 55 $5 | 0.0 mcHRADIALC.G.
LARGE PROBE ALIGNMEMNT ACCLRALY 139 13 +0,025 |HCH UNCERTAIMTY 1M ALIGNMERT RADIALLY
SMALL PROBES PRINCIPAL AXES 2 2 1 |.B-IN.2 EACH PROBE
SMALL PROBE MO. 1 WEIGHT AND C.G . ACCURACY 17 30 +0.10 POUND WENGHT UNCERTAINTY AND 0.1 INCH
LONG ITUDIMAL .G . AND £0.01 |HCH RADIAL C.G .
SMALL FROBE NO. 2 WEIGHT AND C.G . ACCURACY 17 20| 0.10 POUND WEIGHT UNCERTAINTY AND 10,1 (NCH
LOHGITUDINAL C.G. AND +0.01 INCH RADIAL C .G .
SMALL PROBE MO. 3WEIGHT AMD C.G . ACCURACY 35 1 0,10 POUND WEIGHT UNCERTAINTY AND 10,1 INCH
LONGITUDIMAL €.G . AND .01 INCH RADIAL TG,
SMALL PROBE NO. | ALIGNAMENT ACCURACY ] 8 +0.00 INCH ALIGMMENT UNCERTAINTY LONGITUDIMALLY
AND RADIALLY
SMALL PROBE MO 2 ALIGNMENT ACCURACY 6 8 | 10,03 INCH ALIGNMENT UNCERTAINTY LONGITUDINALLY
AND RADJALLY
SMALL PROBE MO, 3 ALIGNMEMT ACZURACY 10 10 40,02 IMCH ALIGNMENT UNCERTAINTY LONGITUDINALLY
—_— _ AMND RADIALLY
SUBTOTAL WORST CASE {300} 1298)
SUBTOTAL RS {157y (157}
TQTAL WORST CASE 453 447
TOTAL RS 180 180
LIMIT VALUE (SFECIFICATION) 56 08| 10.002 RADIAN
AVAILABLE MARGIN ~24 8 USING RSS VALUES

6G-7
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APPENDIX 6H

DETAILED MASS PROPERTIES
OPTIONAL THOR/DELTA ORBITER CONFIGURATIONS,
VERSION III SCIENCE PAYLOAD

Thor/Delta Orbiter, 12-Watt Fanbeam, Fanscan Configuration,
Version III Science Payload

DESCRIPTION ' R?gm?tEERD (KVéEIGHT (LB)

ELECTRICAL POWER 30.4 66.9
SOLAR ARRAY (INCLUDING SUBSTRATE) 6 PANELS 11.07 24.4
BATTERY (16-12 AH NI-CD CELLS) 1 10.48  23.1
POWER CONTROL UNIT I 6.35  14.0
DC-DC CONVERTER 1 2.45 5.4
COMMUNICATIONS i1.5 25.4
CONSCAN PROCESSOR 1 0.36 0.8
RECEIVERS 2 2.36 5.2
TRANSMITTER DRIVERS 2 1.09 2.4
POWER AMPLIFIERS 4 1.09 2.4
HY BRIDS 5 0.23 0.5
DIPLEXERS 2 1.95 4.3
SWITCHES 5 1.36 3.0
FANBEAM ANTENNA I 1.13 2.5
FANSCAN ANTENNA 1 0.45 1.0
FORWARD OMNI ANTENNA 1 0.14 0.3
AFT OMNI ANTENNA 1 0.23 0.5
RF COAX AND CONNECTORS AS REQUIRED 1.13 2.5
ELECTRICAL DISTRIBUTION 12.6 27.8
COMMAND DISTRIBUTION UNIT 1 3.54 7.8

HARMNESS AND CONNECTORS AS REQUIRED

DATA HANDLING
DIGITAL TELEMETRY UNIT 1
DATA STORAGE UNIT 3
DIGITAL DECODER UNIT

ATTITUDE CONTROL

CONTROL ELECTRONICS ASSEMBLY i
SUN SENSOR ASSEMBLY 2
PROPULSION
PROPELLANT TANK ASSEMBLY 3
THRUSTER ASSEMBLY 8
FILTER 1
PRESSURE TRANSDUCER 1
FILL AND DRAIN VALVE 1
LINE/HEATERS AND MISCELLANEQUS AS REQUIRED
e —— L

6H-1
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Thor/Delta Orbiter, 12-Watt Fanbeam, Fanscan Configuration
Version Il Science Payload {Continued)

DESCRIPTION

NUMBER
REQUIRED

(KG)

WEIGHT

(LB}

SOLID INSERTION MOTOR (BURNOUT)

THERMAL CONTROL
INSULATION
FORWARD CLOSURE
SIDE CLOSURE
LOUVER
THERMAL FIN — TRANSMITTER
HEATERS, ISOLATORS, PAINT, ETC,

STRUCTURE

CENTRAL CYLINDER ASSEMBLY
UPPER RING
CYLIMDER
PLATFORM SUPPORT RING
SEPARATION RING
MOTOR MOUNTING RIMNG
ATTACH HARDWARE

PLATFORM/COMPARTMEINT ASSEMBLY
UPPER STRUTS
LOWER STRUTS
VERTICALS
UPPER RING ASSEMBLY
PLATFCORM STRUT FITTINGS
PLATFORM ASSEMBLY

SOLAR ARRAY SUPPORT
UPPER RING
LOWER RING
STRUTS
AMNTENNA SUPPORT ASSEMBLY
MAGMNETOMETER BOOM ASSEMBLY
PROPULSION SUPPORT
DAMPER
AFT OMNI SUPPORT
SCIENCE SUPPORT BRACKETRY

MISCELLANEQUS BRACKETS AND ATTACH HARDWARE

EQUIPMENT TIEDOWN AND INTEGRATED HARDWARE

6H-2

AS REQUIRED
1
1
553QFT
AS REQUIRED
AS REQUIRED

AS REQUIRED

M — O o

1
AS REQUIRED

AS REQUIRED
i
i
AS REQUIRED
A5 REQUIRED

2.1

20.0

11.2

24.8

5.49 12.1
0.82 1.8
0.41 0.9
2.95 6.5
0.68 1.5
0.91 2.0
4.9 92.3
12.07  26.6
(4.6)
(8.8)
(1.3)
7.9)
3.2)
{0.8)
13.88  30.6
(2.8)
(1.9}
(2.3)
(3.0)
(1.4}
(17.1)
2.1}
3.67 8.1
(2.6)
(3.2)
2.3)
2.68 5.9
2.72 6.0
1.81 4.0
1.81 4.0
0.23 0.5
0.91 2.0
4.6
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Thor/Delta Orbiter, 12-Watt Fanbeam, Fanscan Configuration
Version III Science Payload (Continued)

NUMBER WEIGHT
DESCRIPTION REQUIRED (KG) (LB)

BALANCE WEIGHT PROVISION ' 2.7 6.0

o SPACECRAFT BUS LESS SCIENCE ) 134.2 295.7

SCIENTIFIC INSTRUMENTS ‘ 28.3 62.5
MAG NETOMETER 2,27 5,
ELECTRON TEMPERATURE PROBE 1.13 2.
NEUTRAL MASS SPEC TROMETER 4.54 10,
ION MASS SPECTROMETER .36 3.
UV SPECTROMETER | 5.44 12
IR RADIOMETER 4.08 9,
RE ALTIMETER 9.53  21.

s SPACECRAFT (DRY) ' 162.5

PROPELLANTS AND PRESSURANT i01.8
INSERTION PROPELLANT AND EXPENMDED INERTS ' B4.41
HYDRAZINE PROPELLANT 17.10
NITROGEN PRESSURANT 0.27

o SPACECRAFT LESS CONTINGENCY ’ 264.3

CONTINGENCY (NET ALLOWABLE) ‘ | 28.3

s GROSS SPACECRAFT AFTER SEPARATION 292.6

6H-3
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Thor/Delta Orbiter, Earth-Pointing Configuration,
Version III Science Pavyload

MNUMBER WEIGHT

DESCRIPTION

REQUIRED

(KG)

{t8)

ELECTRICAL POWER

SOLAR ARRAY (INCLUDING SUBSTRATE)

BATTERY (16-12 AH NI-CD CELLS}
POWER CONTROL UNIT
DC-DC CONVERTER

COMMUNICATIONS
CONSCAN PROCESSOR
RECEIVERS
TRANSMITTER DRIVERS

POWER AMPLIFIERS
HYBRIDS

DIPLEXERS

SWITCHES

HIGH-GAIN ANTENNA ASSEMBLY
MEDIUM-GAIN ANTENNA
FORWARD OMNI ANTENNA

AFT OMNI ANTENNA

RF COAX AND CONNECTORS

ELECTRICAL DISTRIBUTION
COMMAND DISTRIBUTION UNIT
HARNESS AND CONMECTORS

DATA HANDLING
DIGITAL TELEMETRY UNIT
DATA STORAGE UNIT
DIGITAL DECODER UNIT
ATTITUDE CONTROL
CONTROL ELECTRONICS ASSEMBLY
SUN SENSOR ASSEMBLY

PROPULSION
PROPELLANT TANK ASSEMBLY
THRUSTER ASSEMBLY
FIiLTER
PRESSURE TRAMSDUCER
FILL AND DRAIN VALVE
LINE/HEATERS AND MISCELLANEQUS

& PANELS
1
I
1

—_ - = %] R R R PO N —

1
AS REQUIRED

1
AS REQUIRED

1
AS REQUHRED

6H-4

30

4

11

2

th

.07
10.
4.

48
35

.45
4

w
I

&

0
2
1.
G
0
i
1
4
0
0
0
1

.36
.36

o9

.54
.09

.95
91
54
91
.4
.14
13

.6

[}
~}

.54
.07

7

~
o | thw o w o O NWNRBERN®Co Ao~ &

.08
.82
77

3

PR Y
~N O S0

o =0 o — Wb, O W

21
.41

.8
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Thor/Delta Orbiter, Earth-Pointing Configuration,
Version III Science Payload (Continued)

DESCRIPTION

NUMBER
REQUIRED

HB}TIDIII

WEIGHT

{(KG)

{LB)

SOLID INSERTION MOTOR (BURNOUT)

THERMAL CONTROL
INSULATION
FORWARD CLOSURE
SIDE CLOSURE
LOUVER
THERMAL FIN — TRANSMITTER
HEATERS, ISOLATORS, PAINT, ETC.

STRUC TURE

CENTRAL CYLINDER ASSEMBLY
UPPER RING
CYLINDER
PLATFORM SUPPORT RING
SEPARATION RING
MOTOR MOUNTING RING
ATTACH HARDWARE

PLATFORM/COMPARTMENT ASSEMBLY
UPPER STRUTS
LOWER STRUTS
VERTICALS
UPPER RING ASSEMBLY

PLATFORM STRUT FITTINGS
PLATFORM ASSEMBLY

MISCELLANEOUS BRACKETS AMD ATTACH HARDWARE
SCOLAR ARRAY SUPPORT
UPPER RING
LOWER RING
STRUTS
NM/IM SPECTROMETER BOOM ASSEMBLY
MAGNETOMETER BOOM ASSEMBLY
PROPULSION SUPPORT
DAMPER
FORWARD OMNI SUPPORT
AFT OMNI SUPPORT
MEDIUM-GAIN SUPPORT
SCIENCE SUPPORT BRACKETRY
EQUIPMENT TIEDOWN AND INTEGRATED HARDWARE

611-5

AS REQUIRED
1
i
55QFT
AS REQUIRED
AS REQUIRED

1
]
i
]

i
AS REGQUIRED

1
AS REQUIRED

AS REQUIRED
1
1
1
1
AS REQUIRED
AS REQUIRED

2.1

20.0

1.2

24.8

5.49
0.82
0.41
2.95
0.68
0.91

44.2

12.1
1.8
0.9
6.5
1.5
2.0

97.4

12.07

26.6
{4.6)
(8.8)
(1.3)
7.9)
(3.2)
{0.8)

30.6
(2.8)
(1.9)
(2.3)
(3.0)
(1.4)

.1
(2.
8.
2.

o ™me

AN oo OO & B0 O
o ot b O o O O
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Thor/Delta Orbiter, Earth-Pointing Configuration,
Version III Science Payload (Continued)

NUMBER WEIGHT
DESCRIPTION REQUIRED | (KG) (LB)

BALANCE WEIGHT PROVISION 2.7 6.0
o SPACECRAFT BUS LESS SCIENCE 140.4  309.4
SCIENTIFIC INSTRUMENTS 28.3 62.5
MAG NETOMETER 2.27 5.0
ELECTRON TEMPERATURE FROBE 1.13 2.5
NEUTRAL MASS SPECTROMETER 4.54  10.0

UV SPECTROMETER 5.44 12.0
IR RADIOMETER 4.08 2.0

1
1
1
{OM MASS SPECTROMETER 1 1.36 3.0
1
1
RF ALTIMETER 1 9.53 21.0

s SPACECRAFT (DRY) - | 168.7  371.9

PROPELLANTS AND PRESSURANT 101.8 224.4
INSERTHON PROPELLANT AND EXPENDED IMERTS 84.41 186.1
HYDRAZINE PROPELLANT 17.10 37.7
NITROGEN PRESSURANT 0.27 0.6

» SPACECRAFT LESS CONTINGENCY 270.5 596.3

COMNTINGENCY (NET ALLOWABLE) 22,1 48.7

o GROSS SPACECRAFT AFTER SEPARATION 292.6 645.0

6H-6
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Thor/Delta Orbiter, Despun Reflector Configuration,
Version III Science Payload

NUMBER WEIGHT
DESCRIPTION REQUIRED (KG) (L8)

ELECTRICAL POWER 34.7 76.4
SOLAR ARRAY (INCLUDING SUBSTRATE) & PANELS 12,34 27.2

BATTERY (16-15 AH MI-CD CELLS) 1 13.06 28.8
POWER CONTROL UNIT 1 6.35 14.0

DC-DC CONVERTER .20 6.4

M

.4 27.4
.36 0.8
.36 5.2
.09 2.4
.09 2.4
.23 0.5
.95 4.3
.36 3.0
.04 4.5
.45 1.0
.14 0.3
.23 0.5
13 2.5

COMMUNICATIONS
COMSCAN PROCESSOR
RECEIVERS
TRANSMITTER DRIVERS
POWER AMPLIFIERS
HYBRIDS
DIPLEXERS
SWITCHES
HIGH-GAIN ANTENNA ASSEMBLY
FANSCAN ANTENNA
FORWARD OMMNI ANTENNA
AFT OMNI ANTEMNNA 1
RF COAX AND CONNECTORS AS REQUIRED

—_ - = W Nt AN RN -
—_— o 0 0O N — = O —= — N O]|N

ELECTRICAL DISTRIBUTION b 27.8
COMMAND DISTRIBUTION UMIT 1 .54 7.8
HARNESS AND COMNMECTORS AS REQUIRED 07 20.0

DATA HAMDLING 7 12.5
DIGITAL TELEMETRY UNIT .08 6.8

DATA STORAGE UNIT 3 .82 4.0
DIGITAL DECODER UNIT 77 1.7

ATTITUDE CONTROL 4
CONTROL ELECTRONICS ASSEMBLY 91

SUN SENSOR ASSEMBLY .41
DESPIN CONTROL ASSEMBLY .63
DESPIN DRIVE ASSEMBLY .49

PROPULSION .8
PROPELLANT TANK ASSEMBLY 3
THRUSTER ASSEMBLY .18
FILTER .18
PRESSURE TRANSDUCER .18
FILL AND DRAIN VALVE i .18
LINE/HEATERS AND MISCELLANEOUS AS REQUIRED .91

o= nh e olo wo -




Thor/Delta Orbiter, Despun Reflector Configuration,
Version I Science Payload (Continued)

DESCRIPTION

NUMBER
REQUIRED

&)T/D It

WEIGHT

(KG)

(LB)

SOLID INSERTION MOTOR (BURNOQUT})

THERMAL CONTROL

INSULATION

FORWARD CLOSURE

SIDE CLOSURE

LOUVER

THERMAL FIN — TRANSMITTER
HEATERS, ISOLATORS, PAINT, ETC.

STRUCTURE

CENTRAL CYLINDER ASSEMBLY
UPPER RING
CYLIMNDER
PLATFORM SUPPORT RING
SEPARATION RING
MOTOR MOUNTING RING
ATTACH HARDWARE
PLATFORM/COMPARTMENT ASSEMBLY
UPPER STRUTS
LOWER STRUTS
VERTICALS
UPPER RING ASSEMBLY
PLATFORM STRUT FITTINGS
PLATFORM ASSEMBLY

MISCELLANEOUS BRACKETS AND ATTACH HARDWARE

SOLAR ARRAY SUPPORT

UPPER RING

LOWER RING

STRUTS
AMTENMNA SUPPORT ASSEMBLY
MAGNETOMETER BOOM ASSEMBLY
PROPULSION SUPPORT
DAMPER
FORWARD OMNI SUPPORT
AFT OMNI SUPPORT
SCIENCE SUPPORT BRACKETRY
EQUIPMENT TIEDOWN AND INTEGRATED HARDWARE

6H-8

AS REQUIRED
1
1
55QFT
AS REQUIRED
AS REQUIRED

AS REQUIRED

15
¢
?
i
9
1
A5 REQUIRED

AS REQUIRED
1
1
1
AS REQUIRED
AS REQUIRED

2.1

20.0

11.2

5.49
0.82
0.41
2.95
0.48
0.91

40.9

12.07

o o bW
oo b0 O O R
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Thor/Delta Orbiter, Despun Reflector Configuration,
Version IIT Science Payload (Continued)

NUMBER WEIGHT
DESCRIPTION REQUIRED (KG) (LB}

o

BALANCE WEIGHT PROVISION 2.7

e SPACECRAFT BUS LESS SCIENCE 148.5 327,

SCIENTIFIC INSTRUMENTS 23.3 &2.
MAGNETOMETER 2.27
ELECTRON TEMPERATURE PROBE 1.13
MNEUTRAL MASS SPECTROMETER 4,54
ION MASS SPECTROMETER 1.36
UV SPECTROMETER 5.44
IR RADIOMETER 4.08
RF ALTIMETER 2.53

R WS M
A 0 O O O O O oL (WO

LS
_—

s SPACECRAFT (DRY) 176.8

PROPELLANTS AND PRESSURANT 101.8

INSERTION PROPELLAMT AND EXPEMDED [NERTS 84 .41
HYDRAZINE PROPELLANT 17.10
MNITROGEMN PRESSURANT 0.27

s SPACECRAFT LESS CONTINGENCY 278.6

CONTINGENCY (NET ALLOWABLE) 14.0

o o |t o N &

o GROSS SPACECRAFT AFTER SEPARATION 292.6

6H
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APPENDIX 61
FAILURE MODE AND EFFECTS ANALYSIS

The following tables are the failure mode and effects analyses for the
Thor/Delta and Atlas/Centaur large and small probes. These tables ounly |
reflect singular failures/primary failure effects and indicate the associated
functions, and failure modes. These failure mode and effects analyses
were used to identify critical equipment and high-risk functions as subjeéts

for system configuration trades and reliability versus resource allocation

studies (weight and volume). .

6l-1
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Table 6I-1.

Subsystemn/Item

Thor/Delta Large Probe Failure Mode and Effects Analysis

Failure Mode

Failure efiect

Electrical Power/Qrdnance

A. Battery

Battery Heater

Power Control Unit

o Power Transfer Relay

Safe/Arm Relay

Pyro Fire Control

Power Switches

Window Heater Controls

Supply probe electrical energy

Bring Battery up to optimum
operating temperature for
entry,

Power Up Probe Bus by bringing
battery an tine.

Safe/Arm the various probe
ordnance functions,

Triggering energy for the various
probe ordnance functions.

Power the various probe experi-
ments.

Prevent scientific window conden-
sation/distortion due to inner
surface/outer surface delta
temperatures

Cell open

Cell short

Open

Fail to make

Fail to break

Fail to make

Fail to break

Open/short

Fail to make

Fail to break

Fail open

Catasgtrophic, Total less of all LP Missgion
objectives due to loss of power.

Loss of margin. Cells are sized with margin
such that Battery has cell out (short) capability.

Major Degradation. Battery enetgy compro-
mised with rated capacity unobtainable.

None. Dual relays, redundant in make mode.

Not appiicable to entry-descent period; only
after checkout. Probe Bus would remain
powered up with battery on line.

Critical. No ordnance functions due to pyro
fire control not powered - Drogue Mortar, Base
Cover Separation, Aeroshel| Separation, Main
Chute Release, Mass Spectrometer Inlet Tubes.

None. Requires a secondary (erroneous signals)
failure to create a problem.

None. Redundant, isolated, and separate trigger-
ing circuits for the redundant, isclated, and
separate ordnance buses.

Compromise LP misstion due to loss of
individual experiments.

Only applicable after checkout and just prior to
impact; individual experiment power drain,

Degrade individual experiments if window
condensation/distortion occurs.
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Table 6I-1,

Thor/Delta Large Probe Failure Mode and Effects Analysis {Continued)

Subsystern/Item Function Failure Maode Failure Effect
) Fuses Protect Probe Bus from fail open Minor degradation. Individual experiment
individual experiment shorts. foss.
D. Chute Mortar Deploy chute Fail inoperative Critical. Chute not deployed, therefore

II.

Nut Separator Ordnance
Devices for Aeroshell
Separation (3 devices)

Chute Release Pin Pullers
(3 devices)

Interface Cable Cutter

{separation)

Aeroshell Forebody
Electrical Cable Cutter

Base Cover Electrical
Cable Cutter

Data Handling/Command

A,

Timing Generator
-] Oscillator & Count-

down Circuit

oo Frame Start
Gating

Retain/Release Aeroshell
Forebody.

Retain/Release Chute

Sever Bus/Probe umbilical.
TRW side of interface.

Sever Probe Aeroshell Forebody/
Base Cover Descent Capsule
umbilical to permit Aeroshell
Forebody separation.

Sever Probe Aeroshell Base
Cover/{Descent Capsule

umbilical to permit Deacent
Capsule separation

Provide system clocks

Frame rate control

Fail inoperative

Fail inpperative

Fail inoperative

Fail inoperative

Fail inoperative

Inoperative or
locked up

Locked in one
position -
Locked in other
pesition

Aeroshell Forebody will not separate and
probe remains buttoned up. Note:
redundant initiaters/redundant pyro buses.

Critical, Aerosheil Forebody not separ-
ated and probe remains buttoned up. Note:
redundant initiators/redundant pyro buses.

Major degradation., Probe rermains on
chute and base cover retained with battery
exhaustion/overheating before lower alti-
tude data completely obtained. Note:
redundant initiators/redundant pyro buses.

Catastrophic. Total loss of all LP missgion
objectives due to preclusion of probe
separation. ’

Critical. Aeroshell Forebody doesn't separate
and probe remains buttoned up. Note: redun-
dant initiators/redundant pyro buses.

Major degradation, Probe remains on thute
due to Base Cover retention with battery
exhaustion/probe overheating before lower
altitude data completely obtained. Note:
redundant initiators/redundant pyro buses.

None or no further ordnance events; no format
changes; countdown failure with loss of LP
miasion due to no more data.

Loss of LP mission due to loss of data.
Serious degradation of LP data due to

data module ioss.
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Table 6I-1, Thor/Delta Large Probe Failure Mode and Effects Analysis (Continued)

Subsystem/Iltem

Function

Failure Mode

Failure Effect

Bit-Rate Counter

Word-Rate Counter

Frame-Rate Counter

Descent timer

Line Select

PROM & Sequencer

g" switches

Coast Timer

Format Generator

o

o

PROM D1

PROM D2

FROM A

PROM B

Control Data Rate

Control Bit/Word

Control Words/ Frame

Initiate descent discrete
events

Selects internal or external
command mode

Decode event times and supply
discrete event signals.

Detect Probe atmosphere entry;
back up 25 day cruise timer and
reset the descent timer.

Turn on IR & Battery Heaters
and start entry sequence.

Decodes serial command word

Select channel to be
sampled

Inoperative .
Inoperative
Inoperative

Inoperative

Locked in Bus
Command Mode

Loss of Bus Cmd
Inoperative

Locked up

Fail inoperative

Fail inoperative

Fail inoperative
prior to, or at
preseparation
checkout.

Fail inoperative
Fail inoperative
Fail inoperative

Fail inoperative

Serious degradation of LP data due to data modu-
lation loss.

Serious degradation of LP data due to data modu-
lation loss.

Serious degradation of LP data due to data
modulation loss.

Serious degradation of I.P mission due to loss of
terminal descent data, further ordnance events,
no iormat changes, no bit-rate changes, etc.

Loss of LP mission due to loss of internal
sequencing.

Leas of capability for preseparation checkout
Incorrect or no sequence for LP mission loss

Serious degradation of LLP data due to loss of
discrete events; ordnance, bit rate changes, etc,

None. Dual ''g'" switches, redundant

Serious degradation. Probe not turned on at entry
results in loss of high altitude data; but entry
sequence startup back up by "'g" switches assures
low altitude

Turn on (descent) but compromised due to loss
of IR chamber heater.

Possibly negate completion of preseparation
checkout.

Critical. Loss of LP mission data from 70 km
to 42 km.

Critical. Take over D, {function at 42 km altitude.
Lose low altitude data,

Serious degradation of LP mission data

Serious degradation of LP mission data
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Table 6I-1. Thor/Delta

Subsystem/Item

Large Probe Failure Mode and Effects Analysis {Continued)

Function

Failure Mode

Failure Effect

Format Generator (Cont.}

- Decoder/Selector

Multiplexer

o Bilevel
Single ended, high level
Difierential

Data Combiner

Signal Conditioning

-] Differential to single
ended amplifier
Impedance Buffer

Bilevel Comparator

A/D Converter

o A/D Converter
Reference power supply

Data Storage Unit

o Small buffer
memory {3 units)

Gating

Decode B-bit PROM output
te 1 of 256 channels-

Sample bi-level data
Sample high level analog
channels

Sample low level analog
channels

Mix analog, digital, bi-level

and stored data into bit stream.

Converts differential signal
to single ended.

Eliminate loading of science
signal. . :

Determines one or zero signal

Converts Analog signal to
digital word.

Provide reference for A/D
converter,

Temperary outgoing real time
data storage.

Stored data transmission
selection

Fail inoperative

Fail inoperative

Fail inoperative

Fail inoperative

Fail inoperative

Fail inoperative

Fail inoperative

Fail inoperative

Fail inoperative

Fail inoperative

Fail inpperative

Fail in one position

Fail in other positio

Complete loss or degradation of LP
mission data.

Seripus LP mission degradation due to
loss of bi-level data.

Serious LP mission degradation due to
ioss of single ended, high level data.

LP mission degradation due to loss of
Engineering data.

Degradation of LP data modulation due
te no, or mixed data output.

LP mission degradation due to loss of
engineering data.

Serious LLP mission degradation due to
loss of analog data.

Serious LP mission degradation due to
loss of bilevel data.

Loss of all analog data seriously
degrading LP mission.

Loss of all analog data seriously
degrading LP mission.

Degradation to LP mission due to loss
of 1/3 mission data per buffer.

Loss of mission due to inability teo
store data

Loss of LP mission due to inability
to transmit
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Table 6I-1. Thor/Delta Large Probe Failure Mode and Effects Analysis {Continued)

Subsystem/Item

Function

Failure Mode

Failure Eifect

111,

v,

H.

Data Storage Unit {Cont)

o Large Memory

Biphase Modulator and
Convolutional Encoder

Command and Data Registers

DC/DC Converter

Engineering Transducers

o  Transducer Completion
Networka

Communication

A,

.

E,

Phase Modulator & Trans-
mitter Driver

5-Band Power Amplifier

Diplexer

Receiver

Antenna

Structure /Mechanisms

A,

Aeroshell, Fwd,

Stored data storage

Reduce bit error rate by
encoding/modulating data,

Parallel data to serial bit

stream conversion.

Converts 28 Vdc power to
multiple, regulated power.

Provide engineering measure-
ments.

Carrier modulation and power
amplifier driver

Modulated signal amplifi-
cation.

Transmitter/receiver
isclation

Uplink signal receiver/
phase tracking

Signal transducer receive/
transmit

Provide structural shell

Fail inoperative

Fail short or open

Fail inoperative prior
to, or at preseparation
checkout.

Fail inoperative
(+12,-12, 45 Vde)

Fail inoperative

Fail inoperative

Fail inoperative

Fail open or short

Noisy YCO

Fail inoperative

Fail Thermo-
structurally

Miner degradation, Loss of stored data but
real time data still available through amall
buifer memories.

Serious degradation of LP data modulation.

Possibly negate completion of preseparation
checkout data readouts

Loss of LP mission due to loss of data.

Minor degradation,
measurements.

Loss of engineering

Complete loss of LP mission due to loss
of data.

Complete loss of LP mission due to loss
of data.

Complete loss or serious degradation of LP
mission due to toss of data or loss of two-
way doppler.

Sericus degradation of mission due to loss
of two-way doppler and/or teiemetry.

Complete loss of LP mission due to loss
of data.

Cormnplete loss or serious degradation of LP
mission due to heat damage transferred to
equipments and/or lass of stability due to

collapse,
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Table 61-1. Thor/Delta Large Probe Failure Mode and Effects Analysis {Continued)

Subsystem/Item

Function

Failure Mode

Failure Effect

Aeroshell, Aft.

Heatshield

Pressure Vessel

Chute

Swivel

Bridie

Provide structural shell

Provide aero-thermal
Frotection

Provide Science and Support
Equipments pressure protection.

Deceleration, Aeroshell

Forebody separation
force. base cover removal

Fail Thermo-
Structurally

Fail Thermo-
Structurally

Fail Thermo-~
Structurally

Fail to Open

Fail Thermo-
Structurally

Complete loss or serious degradation of
LP misgion due to heat damage trans-
ferred to equipments and/or ioss of
stability due to collapse.

Complete loss or serious degradation of
LP mission due to heat damage trana-
ferred to equipments and/or loss of
stability due to collapse.

Complete loss or serious degradation of
LP mission due to equipment damage by
collapse.

Critical, Loss of deceleration function,
Aeroshell Forebody not separated and
probe remains buttoned up.
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Table 6I-2, Thor/Delta and Atlas/Centaur Small Probe Failure

Subsystem/Item

Function

Failure Mode

Mode and Effects Analysis

Failure Effect

Electrical Pouwer/Qrdnance

A, Battery

B. Battery Heater

C. Power Cuntetul Unit

. Puwer Tranafer Relay

e Safe/Arm Relay

» Fire Control-Nune%-
plusive Pinpullers.

» Window Heater Control

Supply probe electrical energy

Brinp battery up tu uptimum
vperating temperature for
entry,

Puwer Up Probe Bus by bring-
ing battery on line,

Safe/Arm the two nanexplosive
ordnance functions.

Triggering energy for the two
probe nonexplosive ordnance
functions.

Temperature
Probe
Deployment

Nephelometer
Window Cover
Deployment

Prevent scientific window
condensation/distortion due to
inner aurface/outer surface
delta temperature,

Cell open

Cell shart

Open

Fail to make

Fail to break

Fail to make

Fail to break

Fail inoperative
by function,

Fail open

Catastropic. Total loss of all SP Mission
vbjectives due to loss of power,

Luss of margin. Cells are sized with margin
such that battery has cell out (short) capability.

Major Degradation. Battery energy compro-
mised with rated capacity cbtainable.

None. Dual relays, redundant in make mode,

Not applicable to entry-descent period, only
after checkout, Probe Bus would remain
powered up with battery on line.

Minor degradation, Loss of temperature
probe and nephelometer.

None. Requires a secondary (erroneous
signals) failure to ¢reate a problem,

Minor degradation. Loss of temperature
probe,

Minor degradation. Leoss of nephelometer
readings.

Degrade individual experiments if window
condensation/distortion accurs,



Table 6I-2.

Subsystem/Item

Function

Thor/Delta and Atlas/Centaur Small Probe Failure
(_Continued) _

Failure Mode

Mode and Effects Analysis

Failure Effect

Power Switches

Fuses
Temperature Probe Deploymént
Device,

Nephelometer Window Cover
Deployment Device.

Interface Cable Cutter

{separation).

Data Handling/Command {(Thor/
Delta only).
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A, Timing Generator
e Oscillator and Countdown

Circuit.

ee Frame Start Gating

Bit-Rate Counter
Word-Rate Counter
Frame-Rate Counter

Descent Timer

Power the various probe
experiments.

Protect Probe busg from individ-
ual experiment shorts.

Deploy témperature probe

Uncover nephelometer window

'Sever Bus/Probe umbilical,

TRW side of interface,

Provide system clocks

Frame rate control

Control data rate

Control bits/word

Control words/frame

. Initiate descent discrete events

Fail to make
Fail to break
Fail open

Fail inoperative
Fail inoperative

Fail inoperative

Iﬁoperative or
locked up.

Locked in one
position,
Locked in other
position.

Inoperative
Inoperative

Inoperative

Inoperative

Compromise SP misgsion due to loss of
individual experiments.

Only applicable after checkout and just prior
to impact; individual experiment power drain.

Minor degradation. Individual experiment
losgs.

Minor degradation. Loss of temperature probe,

Minor degradation. Loss of nephelometer
readings. '
Catastrophic. Total losa of all SP Mission
objectives due to preclusion of probe separation.

None or no further nonexplosive pinpuller
events; no format changes; countdown failure with
loss of SP Mission due to no more data.

Loss of SP Mission due to loas of data.

Serious degradation of 8P data due to data
modulation loss,

Serious degradation of SP data due to data
modulation loss,

Serious degradation of SP data due to data
modulation loss,

Serious degradation of SP data due to data
modulation loss,

Serious degradation of SP Mission due to loss of
terminal descent data, further nonexplosive pin-
puller events, no format changes, no bit.rate
changes, stc.
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Table 6I-2. Thor/Delta and Atlas/Centaur Small Probe Failure Mode and Effects Analysis
(Continued)

Subsystem/Item ’ Function Failure Mode Failure Effect

A, Timing Generator {cont,)

[ Line Select Selects internal or external com- Locked in Bus Loag of 5P Miasion due to loss of internal
mand mode, Command Mode |sequencing.

Logs of Bus Losgs of capability for preseparation checkout.
Command

Inoperative Incorrect or no sequence for SP Misegion loss.

PROM and Sequencer Decode event times and supply Locked up Serious degradation of SP data due to loss of
discrete event signals, discrete events; nonexplosive pinpuller, bit
rate changes, etc.

ng" switches Detect probe atmospheric Fail inoperative [None, Dual "g' switches, redundant,
entry; backup 2% day cruise timer
and reset the descent timer.

Coast Timer Turn on IR and Battery Heaters Fail inoperative |Sericus degradation. Probe not turned on at
and start entry seguence, entry results in loss of high altitude data;

‘ but back up by "g'' switches agsures low al-
titude turn on (descent) but compromised due
to loss of IR chamber heater.

Decoder 4 Decode serial command waord, Fail inoperative | Possibly negate completion of preseparation
prior to, or at checkout,

Preseparation
checkout.

Format Generator

PROM D inoperative | 90% loss of SP Mission data
FROM A Select channel to be inoperative | Serious degradation of SP Migsion data
PROM B sampled, inoperative | Serious degradation of SP Mission data
Decoder /Selector Decode 8 bit PROM cutput to inoperative | Complete loas or degradation of SP Mission data
1 of 256 channels,

Multiplexer

. Bilevel Sample bilevel data inpperative | Serious SP Mission degradation due to
of bilevel data,
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(Continued)

Subsystem/Item

Function

Failure Mode

Thor/Delta and Atlas/Centaur Small Probe Failure Mode and Effects Analysis

Failure Effect

Multiplexer {cont.)

Single ended, high level

Differential

D_ata. Combiner

Signal Conditicning

Differential to single

ended amplifier.

Impedance Buffer

Bilevel Comparator

Sample high levelanalog channels
Sample low level analog channels

Mix analog, digital, bilevel and
stored data into bit stream.

Convert differential gignal to
single ended '

Eliminate loading of science
signal,

Determine one or zero signal

Fail inoperative

Fail inoperative

Fail inoperative

Fail inoperative

Fail inoperative

Fail inoperative

Serious SP Mission degradation due to
of single ended, high level data.

Serious SP Mission degradation due to
of engineering data.

Degradation of SP data modulation due
or mixed, data output.

Serious SP Mission degradation due to
of engineering data,

Serious SP Mission degradation due to
of analog data,

Serious SP Mission degradation due to
of bilevel data.

A/D Converter

e« A/D Converter Convert analog signal to digital Fail inoperative Loss of all analog data seriouély degrading
word. - ' 5P Misasion,
e Reference Fower Supply Provide reference for A/D con- Fail inoperative Lossa of all analog data seriously degrading

verter. SP Mission,
Data Storage Unit

[ Small Buifer Memory
(3 unita)

Fail inoperative | Degradation to SP Mission due to loss of

1/3 mission data per buffer.

Temporary outgoing data storage

Gating Stored data transmission selection Fail in one Logs of SP Mission due to inability to store
poaition. data.

Fail in other Loss of SP Mission due to inability to tranasmit
position, data.

Large Memory Stored data storage Fail inoperative | Minor degradation, Loss of stored data but
' real time data still available through small

buffer memories.
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Table 61"'2-

Subsystem/[tem

Function

Failure Mode

Thor/Delta and Atlas/Centaur Small Probe Failure Mode and Effects Analysis
{Continued)

Failure Efiect

Biphase Maodulator and Convo-
lutional Encoder,

Command and Data Registers

DC/DC Converter

Engineering Transducers

Transducer Completion
Networks.

Data Handling/Command {Atlas/
Centaur only)

. Data Transmission Unit

Communication

A. Phase Modulator and Transg.
mitter Driver,

S-band Power Amplifier

Antenna

Structure/Mechanisms

A. Aeroshell, Fwd,

Reduce bit-error rate by encoding/
modulating data,

Parallel data to serial bit stream
conversion,

Converts 28 Vde power to multi-
ple, regulated power.

Pravide enpgineering measurements

Data Ha‘ndling/Command

Carrier modulation and power
amplifier driver.

Modulated signal amplification

Signal transducer receiver/
transmit.

Provide structural shell

Fail short or open

Fail inoperative
prior to, or at
preseparation,
checkaut.

Fail inoperative
(+#12, -12, +65 Vde)

Fail inoperative

Fail inoperative

Fail inoperative

Fail inoperative

Fail inoperative

Fail Thermo-
Structurally

Serious degradation of SP data modulation

Possibly negate completion of preseparation
checkout data readouts.

Loss of SP Mission due to loss of data.

Minor degradation, Loss of engineering
measurements,

Critical degradation of SFP Mission due to
loas of all data except modulation,

Complete loss of SP Migsian due to less
of data.

Complete loss of SP Misgion due to loss
of data.

Complete loss of SP Mission due to loss
of data.

Complete loss or serious degradation of

SP Missgion due to heat damage transferred to
equipments and/or loss of atability due to
collapse.
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Table 6I.2.

Subgystem/Item

Thor/Delta and Atlas/Centaur Small Probe Failure Mode and Effects Analysis

(Continued)

Function

Failure Mode

Failure Effect

Aerashell, Aft,

Heat Shield

Pregaure Veanel

Provide structural shell

Provide aero-thermal protection

Provide acience and support equip-
ments pressure protection,

Fail Thermo-
Structurally

Fail Thermo-
Structurally

Fail Thermo-
Structurally

Complete loss or serious degradation of SP
Mission due to heat damage transferred to
equipmente and/or loss of stability due to
collapsae,

Complete logs or serious degradation of

SP Misaion due to heat damage transferred
te equipments and/or loss of stability due to
collapse,

Complete loss or sericus degradation of
SP Misgion due to equipment damage by
collapse.
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Table 6I-3. Atlas/Centaur Large Probe Failure Mode and Effects Analysis

Subsystem/[tem

Function

Failure Mode

Failure Effect

Electrical Power/Qrdnance

A. Battery (two required for
total mission)

B. Battery Heater {two)

C. Battery Isclation Diode
{two)

D. Power Control Unit

[} Power Transfer Relay

¢ Safe/Arm Relay

. Pyro Fire Control

- Power Switches

Supply probe electrical energy

Brings battery up to optirmurn
operating temperature for entry.

Protect one battery from the
other battery’s failure.

Power up probe bus hy bringing
battery on line.

Safe/Arm the various probe
ordnance functions.

Triggering energy for the
various probe ordnance
functions.

Power the various probe
experiments.

Cell open

Cell short

Cpen

Fail open

Fail short

Fail to Make

Fail to Break

Fail to Make

Fail to Break

Open/Short

Fail to Make

50% energy loas, Loss of one of two
batteries.

Loss of one battery's margin. Cells are
sized with margin such that battery has
cell out (short} capability,

Possible 50% energy loss, Battery
energy compromised with rated
capacity unobtainabile.

50% energy loss, l.oss of one of two
batteries.

Loss of failure protection.

None. Dhual relays, redundant in make
mode.

Not applicable to entry-descent periad;
only after checkout. Praobe bus would
remain powered up with battery on line.

Critical, No ordnance functions due to
pyro fire control not powered - Pilot
Mortar, Aerosheli separation, Afterbody/
Main chute separation, Mass Spectrometer
Inlet Tubes.

None. Requires a secondary (erroneocus
signals) failure to create a problem.

None. Redundant, isolated, and separate
triggering circuits for the redundant,
isolated, and separate ordnance buses.

Compromise LP mission due to toss of
individual experiments.
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Table 61-3,

Subsystem/Item

Function

Failure Mode

Atlas/Centaur Large Probe Failure Mode and Effects Analysis {Continued)

Failure Effect

» Window Heater Controls

[ Fuses

Pilot Chute Martar

Not Separatoer Ordnance
Devices for Aeroshell
Separation {3 devices}

Not Separator Ordnance
Devices for Afterbody/
Main Chute Separation,

Interiace Cable Cutter
{aeparation)

Staging Connector (Afterbody/
Degcent Capsule),

Data Handling/Command

A, Data Tranamission Unit

Prevent acientific window con-
densgation/distortion due to inner
surface/outer surface delta tem-
peratures.

Protect probe bus from individ-
ual experiment shorts.

Deplay pilot chute

Retain/Release aeroshell
forebody,

Retain/Release afterbody/
main chute,

Sever bus/probe umbilical,
TRW side of interface.

Provide connection between
pyro/umbilical wires between
afterbody and descent capsule.

Data Handling/Command

Fail

open

inoperative

inoperative

inoperative

inoperative

to disconnect

inoperative

Degrade individual experiments if window
condensation/distortion occurs.

Minor degradation. Individual experiment
loss.

Critical. Pilot chute note deployed, aft

thermal cover not removed, main chute not

deployed, aeroshell forebody wont geparate

and probe remains buttoned up,

Note: redundant initiators/redundant pyro
busea,

Critical. Aeroshell forebody not separated

and probe remains buttoned up,

Note: redundant initiators/redundant pyro
buses.

Major degradation. Probe remains on chute

due to base cover retention with battery

exhauation/probe overheating before lower

altitude data completely obtained.

Note: redundant initiators/redundant pyro-
buses.

Catastrophic. Total loss of all LP Mission
objectives due to preclusion of probe
separation,

None. No locking mechanism, both sides of
connector are held by structures with spring
assist separation. Differential separation forces
of afterbody/chute and descent capsule backs up
the apring assiats,

Seriocus degradation of LP misgsion due to
loss of all data except modulation.
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Table 6I-3.

Subsystem/I[tem

Function

Failure Mode

Atlas/Centaur Large Probe Failure Mode and Effects Analysis (Continued)

Failure Effect

Communication
A, Transponder

- Modulator -Driver
Receiver

S-band Power Ampliﬁer‘s (two)
Hybrid Couplers {two}

Diplexer

Structure/Mechaniams

A. Acroahell, Fwd

B. Afterbody

C. Heatshield

D. Pressure Vessel

Carrier Modulation-and Power
Amplifier Priver

Uplink Signal Receiving/Phase
Tracking.

Modulated signal amplification

Couple amplifier signals

Transmitter/receiver isclation

Signal transducer receive/trans-

mit

Provide structural shell

Provide structural ghell

Provide aero-thermal protection

Provide science and support
equipments preasure protection,

Fail inoperative

Fail inoperative

Fail inoperative

Fail inoperative

Fail open or short

Fail inoperative

Fail Thermo-
Structurally

Fail Thermo-
Structurally

Fail Thermo-
Structurally

Fail Thermo-
Structurally

Complete loss of LP Mission due to loss
of data.

Serious degradation of mission due to loss
of two way Doppler and/or telemetry.

Complete loas of LP Mission due to loss of
data.

Complete loss of LP Mission due to loss of
data,

Complete loss or serious degradation of LP
Mission due to loss of data or loas of twa
way Doppler.

Complete loas of LP Migsion due to loss of
data,

Complete loss or serious degradation of LP
Mission due to heat damage tranaferred to
equipments and/or loas of stability due to
collapse,

Complete loss or serious degradation of LP
Mission due to heat damage transferred to
equipments and/or loss of stability due to
collapse.

Complete loss or serious degradation of LP
Mission due to heat damage tranaferred to
equipments and/or loss of stability due to
collapse.

Complete loss or serious degradation of LP
miggion due to equipment damage by collapse.
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Table 6I-3, Atlas/Centaur Large Probe Failure Mode and Effects Analysis (Continued)

Subsystem/Item

Function

Failure Mode

Failure Effect

E.

F.

Pilot Chute

Riser
Bridle

Extraction Bridle

Main Chute

Swivel

Bridle

Rermove aft thermal cover,
extract rnain chute deployment
bag and in turn deploy main
chute,

Deceleration Aercoshell
forebody separation force,

Fail to Open

Fail Thermo-
Structurally

Fails to open

Fail Thermo-
Structurally

Critical. Loss of deceleration function,
aeroshell forebody not separated and probe
remains buttoned up.

Critical, Loss of deceleration function,
aeroshell forebody not separated and probe
remaing buttoned up.
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SYSTEM

1TEM
NOMENCLATURE

Solar Array

Power Control
Unit

Shunt
Radiator

Battery

bC-DC
Converter

Table 6I-4. System Failure Mode and Effects Analysis

FUNCTION

Supply electyrical
power to spacecraft

Provide 28 volt
power distribution.

Array control throug
shunt regulator

Battery charge
regulation. -

Provide for power
loss control for
solar array
efficiency.

Provide power 1in
first hour of
mission plus during
pufse lgads. .

Provide secondary
pawer.

PROBE BUS, THOR/DELTA

FATLURE
MODE /MECHANT SM

Loss of strings in
solar array/open cell
or open solder joints

Loss of 28 volt power
distribution.

Loss of solar array
power control.

Loss of battery
charge capability.

l.oss of part of
resistance networks
in shunt radiator.

Short or open of a
cell.

Loss of converter.

SUBSYSTEM
FAILURE EFFECT

ON SUBSYSTEM

Loss of portion of
redundancy.

Loss of redundancy.

Loss of redundancy.

Battery will not
continually dis-
charge.

ELECTRICAL PUWER

METHOD
OF
DETECTION

Telgmetry

Telemetry

Telemetry

Loss of redundancy.

Loss of spacecraft
in first hour,
thereafter would
affect the power
Toads.

Loss of redundancy.

Telemetry

Telemetry

CONTROLS IN EFFECT

TG ELIMINATE OR
REDUCE FAILURE

MODE OCCURRENCE
OR E'FF7ECTS

60 string array with
only 57 strings
required.

internally redundant.

Internally redundant.

Battery is only
required for first
hour and pulse loads
there alter so cir-
cuit is only supplied
for hackup to other
failures,

Shunt radiator made
with redundant resis
tive elements.

None

Redundant cenverter,
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Table 61-4, System Failure Mode and Effects Analysis (Continued)

SYSTEM

1TEM

MOMENCLATURE

Forward Omni.

Aft. Qmni

Diplexer

Trans fer
Switeh -

Receiver

Medium gain
Antenna

Transmitter
Ampiifier

Transfer
Switch

FUNCTION

Provide forward
hemisphere command
access to space-
craft.

Provide command
access during

‘maneuvers.

Provide transmitter
and receiver signal
separation.

See Item 2-8

Provide command
access to the
spacecraft.

Provide downlink for

_science data.

Provide downlink
power,

Provide receiver and
transmftter switeh-
ing between antennas

PROBE BUS, THOR/DELTA

FAILURE
MODE /MECHANT SM

Loss of antenna/
fracture of antenna
or unit.

Loss of antenna/ .
fracture of antenna
or unit.

Crack or fracture
during launch
environment.

Loss of receiver due
to internal failures.

Loss of antenna/
failure of antenna
mount, ’

Loss of amplifier due
to internal failure.

Failure to transfer,

SUBSYSTEM

FAILURE EFFECT
ON SUBSYSTEM

None. Nominal mis-
sion does not
require forward
hemisphare access.

Would require that
maneuvers be per-
formed btlind with
stored commands.

Loss of antenna.

Loss of redundancj.

Loss of probe bus
science data.

Loss of redundancy.

Partial or compiete
loss of mission
depending on when
failure occuring,

COMMUNICATION

METHOD
oF
DETECTION

Loss of spacecraft
response.

Loss of spacecraft
performance.

Loss of spacecraft
performance or
spacecraft.

Telemetry

Telemetry

Telemetry

Te]emeﬁry

CONTROLS IN EFFECT

TO ELIMINATE 0%
REDUCE FAILURE

MODE OCCURRENCE
OR EFF;ECTS

Considered to be a

structural item sincg
passive and designed
with margin of safet

Considered to be a

structural item sincg
passive and designed
with margin of safet

Considered to be a
structural item sincd
passive and carries
no structural loads.

Active redundant
receivers.

Antenna is a passive
device not meant as
a structural item
and is designed with
a factor of safety.

Standby redundant
downlink amplifiers.

The transfer switches
are used only a few
times and have high
cyclic reliability.
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Table 6I-4. ‘System Failure Mode

PROBE BUS, THOR/DELT
SYSTEM JR/DELTA

ITEM FUNCTION FAILURE
NOMENCLATURE MODE /MECHANTSM

Provide power switch{ Loss of Hybrid.
ing between RF
components.

Transmitter Provide downlink Loss of Transmitter.
RF signal.

and Effects Analysis (Continued)

SUBSYSTEM COMMUNICATION

FAILURE EFFECT METHOD
ON SUBSYSTEM oF

CONTROLS IN EFFECT
TO ELIMINATE OR

DETECTION REDUCE FA[LURE
MODE DCLURRENCE

or EFE;CTS

Loss of Transmitter.] Telemetry Hybrid is an inher-
ently reliable devicq
since passive and
has a highly reliablg
history.

Loss of Redundancy. J Telemetry. Redundant
transmitters.
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Table 6I-4. System Failure Mode

SYSTEM

ITEM
MOMENCLATURE

Digital

Decoding Unit |

Digital
Telemetry
Unit

FUNCTION

Provide for decoding
of uplink.

Provide telemetry
data for downlink.

PROBE BUS, THOR/DELTA

FAILURE
MODE /MECHANT SM

Loss of digital
decoding due to
internal failure.

Loss of Digital
Decoder unit due to
internal failure.

and Effects Analysis (Continued)

SUBSYSTEM _DATA HANDLING

FAILURE EFFECT METHOD CONTRGLS IN EFFECT
ON SUBSYSTEM OF TO ELIMINATE OR
DETECTION REDUCE FAILURE
MODE. DLCURRENCE
OR E'FF7ECTS

Loss of reﬂundancy. Telemetry Active redundancy
employed.

Loss of redundancy. J Telemetry Standby redundancy
employed.




22-19

Table 6I-4. System Failure Mode

, THOR/DELTA
oysTEM  aaWOBE BUS, THOR/DEL

[TEM FUNCTION FAILURE
NOMENCLATURE ' MODE /MECHANT SM

Command Provide command dis- JlLoss of command dis-
Distribution J tribution and tribution unit due

Unit ordnance firing. to internal faflure.

and Effects Analysis (Continued)

SUBSYSTEM

FAILURE EFFECT
ON SUBSYSTEM

Less of redundancy.

ELECTRICAL DISTRIBUTION

METHOD CONTROLS IN EFFECT
oF TG ELIMINATE OR
DETECTION REDUCE FAILURE
MODE OCCURRENCE
OR EFF}CTS

Telemetry Active redundancy
employed.
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Table 6I-4, System Failure Mode

SYSTEM  oLRUBE BUSi THOR/ DELTA

FUNCTION FAILURE

and Effects Anaiysis (Continued)

SUBSYSTEM -ATTITUDE CONTROL

FAILURE EFFECT METHOD

CONTROLS IN EFFECT

NOMENCLATURE

Sensor and
Power Control
Unit

Duration time
Steering Logiq

Program
Storage and
Execute Unit

Sun Sensor
Electronics

Sun Sensor

Provide attitude
sensing and power
control to attitude
control components
(black boxes).

Provide lTogic for
attitude control
maneuvers.

Provide attitude con
trol command storage
for maneuvers and
execute commands.

Provide sun angle
determination.

Provide inputs to
Sun Sensor for sun

angle determination. .

MODE /MECHANT SM

Loss of sensor and
power cantrol due to
piece part or inter:
nal failure.

internal failure.

Loss of program stor-
age and execute unit
due to piece part
failure or internal
failure.

L.oss of Sun Sensor
Electronics due to
piece part failure or
internal failure.

Loss of input of Sun
Sensor electronies,

ON SUBSYSTEM

Loss of redundancy.

Loss of redundancy.

Loss of onboard
attitude control

command capability.

Loss of redundancy,

Loss of redundnacy.

DF

DETECTION

Telemetry

Telemetry

Telemetry

Telemetry

Telemetry

_Qonly 50 hours.

TO ELIMINATE OR

REDUCE FATLURE
MODE OCCURRENCE

OR EFFyECTS

Internal active
redundancy,

Standby redundancy
employed.

Maneuver performed
by ground command.
Unit is required for

Active redundancy.

Active redundancy.




Table 6I-4. System Failure Mode and Effects Analysis (Continued)

PRODE GUS, THOR/DELTA PROPULSION

SYSTEM SUBSYSTEM

CONTROLS IN EFFECT
TO ELIMINATE 0R .

FAELURE EFFECT METHOD
ON SUBSYSTEM OF

1TEM FUNCT[ON FAILURE
NOMENCLATURE MODE /MECHANTISM

DETECTION REDUCE FAILURE

¥2~19

f Pressure

Transducers

F111 and
Drain Valve

Thrusters

Connectors
and Manifold

Provide propellant Fail to function
useage data.

Provide for pro-
pellant storage.

Provide for filling
and draining pro-
pellant tanks.

Provide impulse for
maneuvers.

Degraded catalyst
bead.

Provide for propel- JLeakage at joint.
lant distribution.

Loss of direct
measurement of pro-
pellant available.
Loss of propulsion
subsystem (depending
on leak rate).

Loss of propellant.

Loss of hydrazine
resutting in shorter
life.

Loss of propellant.

Loss of ISP

Loss of propellant.

MODE OCCURRENCE
OR EFF}tTS

Telemetry

Telemetry

Telemetry

Telemetry

Telemetry

Telemetry

Propellant determined
through maneuvering
rates.

Testing and quality
control during
installation.

Burst test on tank
and desigred with
margin of safety,

Redundant seals.

Redundant seals in
thruster.

Redundant thrusters.
A1l brassed connec-

tions and designed
with margin of safety
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Table 6I-4. System Failure Mode and Effects Analysis (Continued)

STRUC
SYSTEM PROBE BUS, THOR/DELTA SUBSYSTEM TURE/ THERMAL

ITEM FUNCTION FAILURE | FATLURE EFFECT METHOD CONTROLS [N EFFECT
NOMENCLATURE MODE /MECHAN I SM ON SUBSYSTEM OF TO ELIMINATE OR

DETECTION REDUCE FAILURE
MODE OCCURRENCE

OR EFFTEETS

Structure Provide platform for §Bending, buckTing, Dependent upon strucq May or may not be AT structure de-
' all other hardware. [fracture, fatigue. tural element which J detectable by signed with a factor
fails. telemetry. of safety and margin
of safety above 1.0,

Provide for thermal i Loss of redundancy Telemetry Designed so that loss

control. . - in louver subsystem. of a thermal louver
will not degrade
thermal control.



92-19

Table 6I-4. System Failure Mode and Effects Analysis (Continued)

PROBE BUS, THOR/UELTA

SYSTEM

[TEM
NOMENCLATURE

Small Probe
Pin Pullers
(2)

Cable Cutter
()

Lar%e Probe
Ball Locks

(3)

Cable Cutter
(m

Other Release
Mechanisms

SUBSYSTEM

FUNCTION

Release Probe

Cut umbilical.

Release 1ar§e probe.

Cut umbilical.

Release other re-

ufred equipment
?magnatron for .
boom, etc.)

FAILURE
MOODE /MECHANT 5M

Failure of pin
puliers to extract;
due to insufficient
gas.

Failure of cable
cutter to cut
umbitical.

Failure of ball lock
to operate; insuffi-
cient gas.

Failure of cable
cutter to operate;
insufficient gas.

FaiTure of pin puller
to extract due to
insufficiept gas.

FAILURE EFFECT
ON SUBSYSTEM

Small probe not
released and would
unbalance the
spacecraft,

Small probe not
released and would
unbalance the
spacecraft.

Large probe not
released; may un-
balance attitude
control.

Large probe not
released; may un-
balance attitude
control.

Failure of experi-
ment to deploy; may
unbalance attitude
control.

DEPLOYMENT

METHOD

OF

DETECTION

Telemetry

Telemetry

Telemetry

Telemetry

Telemetry

CONTROLS IN EFFECT

TO ELIMINATE OR
REDUCE FAILURE

MODE DCCURRENCE

orR EFF_’ECTS

Redundant firing
circuits.

Redundant firing
circuits.

Redundant firing
circuits.

Redundant firing
circuits.

Redundant firing
circuits.
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Table 61-4. System Failure Mode and Effects Analysis (Continued)

SYSTEM

[TEM
NOMENCLATURE

Solar Array

Power Control
Unit

Shunt
Radiator

Battery

Inverter

CTRF

PROBE BUS, ATLAS/CENTAUR

FUNCTION

Provide power to
central transformer
rectifier (CTRF)

Provide secondary
power to individual
components

FAILURE
MODE/MECHANTSM

Thor Delta

Thor Delta

Thor Delta

¥ Thor Lelta

Loss of inverter
due to piece part
failure

Loss of CTRF

SUBSYSTEM

FAILURE EFFECT
ON SUBSYSTEM

Loss of redundancy.

Loss of redundancy

ELECTRICAL POWER
SEee———

METHOD
QF

DETECTION

Telemetry

Telemetry

CONTROLS IN EFFECT

TO ELIMINATE QR
REDUCE FAILURE

MODE OCCURRENCE
OR EFFTECTS

Active redundant
inverter

Active redunoancy
with each companent
receiving isolated
redundant secondary
power
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Table 6I-4. Systern Failure Mode and Effects Analysis (Continued)

PROBE BUS, ATLAS/CENTALR : COMMUNECATIONS
SYSTEN  essssssess——— SUBSYSTEM  mpm——

FUNCTION FATLURE FAILURE EFFECT
MODE /MECHAN [ S4 ON SUBSYSTEM
3
1

5 6 7

See 2-1 of Thor/Dely ‘
See 2-2 of Thor/Delf]

See 2-3 of Thor/Deld

See 2-8 of Thor/Del

See 2-5 of Thor/Del

See 2-6 of Thor/Delt

See 2-7 of Thor/Delt

See 2-8 of Thor/Delt

See 2-9 of Thor/Delt

See 2-10 of Thor/Del

ITEM METHOD CONTROLS I[N EFFECT
NOMENCLATURE aF TO ELIMINATE OR
DETECTION REDUCE FATLURE

MODE OCCURRENCE
OR EFFECTS.

Forward Omni

Aft Omni

Diplexer

Trans fer
Switch

Receiver

Medium
Gain Antenna

Transmitter
Amplifier

Transfer
Switch

Hybrid

Transmitter
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Table 6I-4. System Failure Mode

PROBE BUS, ATLAS/CENTAUR
R o 2 R T SI—

ITEM FUNCTION FAILURE
NOMENCLATURE MODE /MECHANT SM
3

Digital See 3-1 of Thor/Delg
Decoder Unit

Digital See 3-2 of Thor/Deld
Telemetry
Unit

a.nd Effects Analysis (Continued)

DAT
SUBSYSTEM A HANDLING i

FATLURE EFFECT METHOD
ON SUBSYSTEM QF

CONTROLS 1IN EFFECT
T0 ELIMINATE OR

DETECTION REDUCE FAILURE
MODE OCCURRENCE

OR EFF}CTS
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Table 6I-4. System Failure Mode and Effects Analysis (Continued)

PROBE 8US, ATLAS/CENTAUR

ELECTRICAL DISTRIBUTIUN
SYSTEM ey R 3 {1 I —

ITEM

FAILURE FAILURE EFFECT METHOD
NOMENCLATURE

CONTROLS TN EFFECT
MODE /MECHANTSM ON SUBSYSTEM 0F

T0 ELIMINATE OR

DETECTTON REDUCE FAILURE
MODE OCCURRENCE
R EFF7ECTS

Command
Distribution
Unit
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Table 6I-4. Sirstem Failure Mode

1TEM
NOMENCLATURE

Sensor and
Power Control
Unit

Duration Time
Steering Logid

Program Storag

Sun Sensor
Electronics

Sun Sensor

PROBE BUS, ATLAS/CENTAUR
SYSTEM  me—————

FUNCTION

5-1 of Thor/Del

5-2 of Thor/Del

5-3 of Thor/Delt

5-4 of Thor/Delt

5-5 of Thor/Delt

FAILURE
MODE /MECHANISM

and Effects Analysis (Continued)

ATTITUUE CONTROL

SUBSYSTEN e

FATLURE EFFECT METHOD
ON SUBSYSTEM Of

CONTROLS [N EFFECT
TO ELIMINATE OR

DETECTION REDUCE FAILURE
MODE OCCURRENCE

OR EFF;CTS
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Table 6I-4. System Failure Mode

SYSTEM PROBE BUS, ATLAS/CENTAUR

ITEM FUNCTION FATLURE
NOMENCLATURE MODE /MECHANI SM

Pressure Same as 7-1 Thor/0elfa
Transducer

Tanks Same as 7-2 Thor/Dells

Fill and Same as 7-3 Thor/Delfe
Orain Valve

Thrusters Same as 7-4 Thor/Delgp
Same as 7-5 Thor/Delta

and Effects Analysis (Continued)

SUBSYSTEM PRUPULSTUN

CONTROLS [N EFFECT
TO ELIMINATE QR

FATLURE EFFECT METHOD
ON SUBSYSTEM or

DETECTION REDUCE FAILURE
MODE OCCURRENCE

OR EFF;CTS
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Table 6I-4. System Failure Mode

PROBE BUS, ATLAS/CENTAUR
SYSTEN e ——

1TEM FAILURE
NOMENCLATURE MODE /MECHAKT SM

Structqre Same as 8-1 Thor/Del

Louvers Same as 8-2 Thor/delfa

and Effects Analysis (Continued)

STRUCTURE/ THERMAL
SUBSYSTEM e

CONTROLS [N EFFECT

FAILURE EFFECT METHOD
TO ELIMINATE OR

ON SUBSYSTEM OF

DETECTION REDUCE FATLURE
MODE OCCURRENCE

oRr EFF7ECTS
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Table 6I-4. System Failure Mode and Effects Analysis (Continued)

SYSTEM

ITEM
NOMENCLATURE

Solar Array

Power Control
Unit

Shunt Radiato

Battery

0c-oc
Converter

ORBITER, THOR/DELTA

FUNCTION

See 1-1 of Thor/Dely
See 1-2 of Thor/Deld

See 1-3 of Thor/Del

Provide power
through mission for
pulse loads and
during eclipse

FAILURE
MODE /MECHAN SM

Probe Bus

Probe Bus
Probe Bus

Loss of battery cell
open or short

Probe Bus

ELECTRICAL POWER

SUBSYSTEN s a———————

FAILURE EFFECT METHOD
ON SUBSYSTEM OF
DETECTION

Loss of spacecraft Telemetry
power may loose

mission due to in-

adequate thermal

control or elec-

tronic box scramble

when power comes

back up due to array

CONTROLS IN EFFECT
TO ELIMINATE OR
REDUCE FAILURE
MODE OCCURRENCE
DR EFFjECTS

Strict quality
contral on battery
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Table 6I-4. System Failure Mode and Effects Aﬁalysis (Continued)

 1TEM
NOMENCLATURE

Forward Omni
Aft Omni
Diplexers

Transfer
Switch

Receiver

Medium Gain
Antenna

Transmitter
Amplifier

Transfer
Switch

berfd

Transmitter

PROBE BUS, THOR/DELTA
SYSTE?‘I L R

of Thor/Dely
of Thor/Del
of Thor/Del
of Thor/Del

of Thor/Delt
of Thor/Delt

2-7 of Thor/Delt

2-8 of Thor/Delt

e 2-10 of Thor/Del

FAILURE
MODE /MECHANT SM

COMMUNICATIONS
SUBSYSTEN e ———

FAILURE EFFECT METHOD CONTROLS TN EFFECT
ON SUBSYSTEM oF TG ELIMINATE OR
DETECTION REOUCE FAILURE
MODE OCLURRENCE
oR EFF)IECTS
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Table 61-4. System Failure Mode

PROBE BUS, THOR/DELTA
SYSTEM s ——

ITEM FUNCTION
NOMENCLATURE

High Gain Provide downlink
Antenna for science data
and uplink

Conscan Provide antenna
boresight

and Effects Analysis (Contimied)

COMMUNICATIONS

SUBSYSTEM  ssesss—————

FAILURE
MODE /MECHANT SM

Loss of antenna

Loss of conscan

FATLURE EFFECT
ON SUBSYSTEM

Loss of mission data

Loss of onbpard
conscan

METHOD
OF

DETECTION

Telemetry

Telemetry

CONTROLS IN EFFECT
TO ELIMINATE OR

REDUCE FATLURE
MODE OCCURRENCE

oR EFF;.ETS

Structure item built
with safety factor

Perform conscan apen
loop
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Table 61-4. System Failure Mode

SYSTEM

1TEM
NOMENCLATURE

Digital
Decoding Unit
Digital
Telemetry Uni{

Digital
Storage Unit

ORBITER, THOR/DELTA

FUNCTTON FATLURE
MODE /MECHANTSM

See 3-1 of Thor/DettQ Probe Bus

See 3-2 of Thor/Deltf Frobe Bus

Provide data storagef] Loss of a DSU
during occultation

and Effects Analysis (Continued)

SUBSYSTEM

DATA HANDL ING

FAILURE EFFECT
ON SUBSYSTEM

Loss of redundancy

METHOD
OF
DETECTION

Telemetry

CONTROLS IN EFFECT

TO ELIMINATE OR
REDUCE FATILURE

MODE OCCURRENCE
OR EFF7ECTS

Redundant usSiL's 2 of
3 requireq
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Table 6I-4, System Failure Mode and Effects Analysis ‘(Continued)

ORBITER, THOR/DELTA ELECTRICAL DISTRIBUTION
SYSTEM  oos—————— SUBSYSTEN e

FATLURE FAILURE EFFECT METHOD

1TEM FUNCTION CONTROLS 1IN EFFECT
NOMENCLATURE MODE/MECHANTSM OK SUBSYSTEM 0F T0 ELIMINATE OR
DETECTION REDUCE FA[LURE

MODE OCCURRENCE
OR EFF;ECTS

Command
Distribution
Unit

4 5 &
| lI
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Table 6I-4. System Failure Mode

ORBITER, THCR/DELTA

SYSTEM e

R —

[TEM FUNCTION FATLURE
NOMENCLATURE MODE /MECHANTSM

2
| See Thor/Delt3Probe Bus

and Effects Analysis (Continued)

ATTITUDE CONTROL

SUBSYSTEM

METHOD CONTROLS IN EFFECT
0F TO ELIMINATE OR

DETECTION REDUCE FAILURE
MQDE OCCURRENCE

OR EFF;_ETS

FAILURE EFFECT
ON SUBSYSTEM
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Table 61-4. System Failure Mode

ORBITER, THOR/DELTA
SYSTEM  cosssassiswsssssmes———

and Effects Analysis (Continued)

PROPULSION
SUBSYSTEN  pssee—

1TEM FUNCTION FAILURE
NOMENCLATURE § MODE /MECHANESM

See Thor/Deltf Probe Bus

Insertion Provide orbiter Fail to fire
motor insertion

FATLURE EFFECT METHOD CONTROLS IN EFFECT
ON SUBSYSTEM OF T0 ELIMINATE OR
DETECTION REDUCE FAILURE
MODE OCCURRENCE

OR EFF7ECTS

Loss of mission Telemetry Stringent guality
control




Table 6I-4. System Failure Mode and Effects Analysis (Continued)

ORBITER, THOR/DELTA . STRUCTURE/ THERMAL
SYSTEM eomss s SUBSYSTEM ———

ITEM FUNCTION FAILURE FAILURE EFFECT i . CONTROLS IN EFFECT

NOMENCLATURE MODE /MECHANISM ON SUBSYSTEM ) TO ELIMINATE OR
. DETECTION REDUCE FAILURE
MODE OCCURRENCE

on EFF:’[CTS
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Table 6I-4. System Failure Mode and Effects Analysis {Continued)

(ORBITER, ATLAS/CENTAUR
SYSTEM o ———

ALL
SUBSYSTEM e -

[TEM FUNCTIDK FAILURE
WOMENCLATURE MODE /MECHANT SM

with changes in Atlas

See Thor/Delfh Drbiter and modify

Z¥-19

FAILURE EFFECT CONTROLS EN EFFECT
ON SUBSYSTEM TO ELIMINATE OR

DETECTIDN REDUCE FAILURE
MODE OCCURRENCE

H1 EFF_,'ECTS






